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Nutrition is one of the major determinants of growth in infancy. The weaning period 
is the most susceptible period for malnutrition and is often associated with growth 
failure of infants in the developing world. The growth data prepared by the National 
Centre for Health Statistics (NCHS) in the United States was recommended by the 
World Health Organisation to be used as a universal reference standard for assessing 
growth failure of children in any population. With this standard, Hong Kong Chinese 
children who were lighter and shorter than the North Americans (NCHS data) might 
be interpreted as malnourished. To determine whether malnutrition in the weaning 
period played a role in causing the smaller size of Chinese infants, the nutritional 
status of 174 full term healthy infants were studied longitudinally from birth to two 
years between June 1984 and December 1986, at two monthly intervals in the first 
year and three monthly intervals in the second year. Methods of assessing nutritional 
status include auxology: weight, length, head circumference, midarm circumference, 
triceps and subscapular skinfold thicknesses, illnesses experienced, dietary intake of 
energy, protein, iron and Vitamin D at each study period. Haemoglobin, serum 
ferritin and 25 hydroxy-Vitamin D level were measured at 18 months. 
The main findings were: 
1. The infants were healthy. 
2. The majority of babies were bottle fed with infant formula throughout the two 
year period. Rice based solids were introduced around 4 to 6 months. 
3. The incidence of iron deficiency anaemia and rickets assesed by biochemical 
means was negligible. Although more than half of the weaning infants had 
iron and Vitamin D intake less than the Recommended Dietary Allowance 
(RDA) 72% for iron, 90% for Vitamin D) they were not associated with any 
biochemical deficiency. 
4. At two years of age Hong Kong Chinese children were lighter and shorter than 
the American children (NCHS). If the recommended criterion for malnutrition 
(wasting): weight less than 80% of the median weight expected for height 
(using NCHS reference) was used twenty six study infants (18%) would fall 
into this group. However, the energy and protein intake of these 26 infants did 
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not differ significantly from the rest of the group. 
The nutritional status of this sample of Hong Kong Chinese infants, as indicated by 
morbidity pattern, biochemical iron and vitamin D status, dietary intakes of energy 
and protein does not give any evidence for less than adequate nutrition. The overall 
smaller size compared to the NCHS reference is therefore likely to reflect genetic 
makeup - with mean infant and adult size approximately -1 SDS of the NCHS 
reference. This observation provides a strong argument against the continuing widely 
held assumption that a single international growth standard can be used to judge 
nutritional and growth adequacy of children in all ethnic groups. To do so for young 
Southern Chinese children would likely encourage emergence of over-nutrition as a 
problem. 
For the first time this study provides normal values for Chinese infants below two 
years on energy intake, growth velocities in weight and length, skinfold thicknesses 
and mid-arm circumference. Together with the data of weight, length and head 
circumference, they serve as an important reference for assessing growth of Southern 
Chinese infants both locally and for immigrants abroad. 
This comprehensive longitudinal dietary survey also contributes to the international 
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CHAPTER ONE GENERAL INTRODUCTION AND AIMS 
Growth is an essential characteristic of childhood and malnutrition is most likely to have 
permanent sequalae when it affects children. One of the most vulnerable periods is 
infancy when growth would normally be at its most rapid. Feeding patterns in infants 
show considerable variations between different countries, tribes and social groups 
(Moodie, 1982). Although a remarkable range of tolerance has emerged, there are limits 
beyond which the infant is unable to adapt to malnutrition, leading to growth failure 
(Dodge, 1983)，i.e. short stature, lightness and thinness. 
Malnutrition acts synergistically with infection to form a vicious cycle that causes further 
deterioration in health and growth performance . Six to 24 months is the peak period for 
diarrhoeal disease and growth retardation (Yarbrough et al, 1975; Martorell et al，1975; 
Martorell and Habicht, 1986; Grant, 1987). This period coincides with weaning, when 
solids often of insufficient nutrient quality and contaminated with microorganisms are 
introduced; breast milk production is getting less; passive immunity acquired from the 
maternal placenta and breast milk is waning awaiting the infant's own immunological 
system to mature. While malnutrition-diarrhoeal complex is a major threat to the 
weanling's life mostly in the developing world, rickets and iron deficiency anaemia are 
the two common nutritional deficiency problems throughout the world (Wharton, 1986). 
It has been recognised for many years that Chinese children are smaller in body size than 
those of Caucasian origin (Eveleth and Tanner, 1976; Davies and Leung, 1985). 
Nutritional deficiencies in weaning infants continue to be common problems in many parts 
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of China (Yeung, 1988) because of poverty and cultural factors affecting dietary practice. 
Hong Kong, a city on the south coast of China, has a different political and economic 
make up to Mainland China but it shares many aspects of Mainland culture. Over the 
last three decades, marked socio-economic changes have occurred in Hong Kong, reflected 
in the fall of infant mortality rate from 42 per thousand in 1960 to 8.5 per thousand in 
1985 (Medical and Health Department, 1985). This newly found affluence may have an 
impact on the nutrition of weaning infants. This thesis investigates whether the relative 
smallness of Chinese children in the Hong Kong child population is due to poor weaning 
diet. 
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CHAPTER TWO THE GROWTH AND NUTRITIONAL STATUS OF HONG 
KONG INFANTS - A REVIEW OF THE LITERATURE 
The first study on infant care and nutrition in Hong Kong was performed in the 1960s by 
Field and Baber (1973). Their data has since become the reference for the study of growth 
and nutrition of Hong Kong Chinese infants. It was a longitudinal study of child rearing 
in Hong Kong in the 1960s. Between February and April 1967, 782 babies were recruited 
from two hospitals (Queen Elizabeth Hospital and Kwong Wah Hospital). Babies were 
then followed up monthly in the first year and then 2 - 3 monthly afterwards. 643 babies 
completed the first year's study. The practice of child rearing and growth pattern were 
presented. The environment in which the babies were brought up was considered 
unsatisfactory - both overcrowded and understimulating and the dictory data, available for 
the first year only, showed that the infants were underfed. In the first six months of life, 
58% of the 662 studied infants did receive some breast milk. However in about 40% of 
the non-breast fed infants sweetened condensed milk was used at some stage. Only 6% 
of mothers who practiced artificial feeding received any sort of advice on preparation of 
milk from the medical or health personnel. Initially, the babies grew satisfactorily but 
starting from about four months of age there was slowing of growth due to two reasons -
infections, particularly of the respiratory and gastrointestinal tract and poor weaning diet. 
The commonest first weaning food used was congee (watery soft rice) and at its 
introduction the amount of milk was reduced. Around nine months of age weaning 
continued with a more solid diet and in some instances milk was completely withdrawn. 
Often only the soup of the meat cooked with congee was given leaving slices of meat 
behind. Fish, pork or egg, which were given only in small quantities, were usually 
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stopped for a period during and after an illness. These dietary practices led to an 
insufficient intake of calories and protein, resulting in a prolonged period of slow gain in 
weight and length from about six months until about 18 to 21 months. By two years, the 
weights of many infants clustered in the range of the third to the tenth percentile of the 
British reference (Tanner et al, 1966) (Fig. 2.1). Although a quantitative analysis of the 
diet was not carried out in the study, it is highly likely that insufficient intake of energy 
and protein during the weaning period was partly responsible for the noticeable growth 
faltering of these young Hong Kong Chinese infants in the 1960s. 
A few years before the previous study, Chang and his co-workers (Chang et al, 1965; 
Chang and Ng 1967) conducted a cross-sectional study during 1963-64 on 3,600 healthy 
infants and pre-school children 0 - 5 years who were attending one of the government 
Maternal and Child Health Centres (MCH). Children were classified into monthly age 
groups from birth to 6 months, three-monthly age groups from 6 to 24 months, and half 
yearly age groups from 3 to 5 years. In each age group were included 100 boys and 100 
girls. Nude body weight, supine length and maximum occipitofrontal circumference were 
measured. Compared to the reference provided by the National Centre for Health 
Statistics (NCHS) (Hamill et al, 1977)，the mean curves of weight, length and head 
circumference run very close to the reference median during the first 3 - 6 months. 
However, in the next 6 - 1 2 months, there was a distinct faltering of growth in all three 
growth parameters which persisted till the end of the second year (Fig. 2.2). Field and 
Baber considered that this growth pattern was related to the poor nutritive value of the 
infants' diet at the time. 
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Remarkable changes in socio-economic conditions have since taken place in Hong Kong. 
Although still overcrowded, the housing facilities and availability of health services have 
improved remarkably as reflected in the vital statistics. The infant mortality rate has 
fallen from 42 per 1000 in 1960 to 8.5 per 1000 in 1985，a similar figure to that of 
Singapore, Canada and Australia and even slightly lower than that of the United Kingdom 
and United States (Grant, 1987). The under five mortality rate in 1985 was 11 per 1000 
and this was also among the lowest anywhere in the world. These mortality rates were 
much higher in technologically less developed countries such as Nigeria, India and Mexico 
where growth failure and malnutrition were prevalent. In 1985, the infant mortality rates 
in these three countries were 110，105，50 per thousand respectively and the figures for 
the under five mortality rates were 182, 158, 73 per thousand respectively. 
These improvements in social conditions may bring about changes in the nutritional status 
and growth pattern of Hong Kong Chinese children brought up in the 1980s. However, 
from a cross-sectional study in 3,700 healthy young infants and children attending 16 
government MCH centres in 1978，performed by the Hong Kong Family Health Services 
and Statistical Unit of the Medical and Health Department, the pattern of growth in 
weight, height and head circumference still showed a "faltering of growth" (Family 
Health Service and Statistical Unit, M & H D，1980). Although there were definite 
secular increases in weight, height and head circumference compared to the 1960s (Chang 
et al, 1965) there was still a downward shift in growth compared to the NCHS reference 
after the first 3 - 6 months (Davies and Leung, 1985) (Fig. 2.2). 
A more recent cross-sectional growth survey on 1,538 newborns and 6,947 preschool 
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children (Family Health Services, M & H D，1985) showed similar findings: i.e. Chinese 
infants were still lighter and shorter than their Caucasian counterparts after six months. 
The question whether underfeeding is still causing the persistent smallness in body size 
of infants remains unanswered. 
Wheeler and Tan studied 50 Chinese families in the Greater London area. Serial 
measurements of height and weight were performed on all preschool children in the 
sample at 4-monthly intervals on four occasions between March 1980 and June 1981. 
These children were taller and heavier than the Chinese children in Hong Kong but shorter 
and lighter than the British (Wheeler and Tan, 1983). In another study, twenty Chinese 
families, immigrants from the New Territories of Hong Kong, were studied for the infant 
feeding practices. Eleven male and nine female children, all between the ages of 1 and 
24 months were visited three times at intervals of approximately 2 months. Food eaten 
on the day of visit was weighed and analysed for gross energy by a Gallenkamp ballistic 
bomb calorimeter. Height and weight were also measured. The dietary pattern consisted 
of common proprietary British infant foods given from birth until 6 - 9 months of age, 
which were then displaced by typical Chinese foods. They were still lighter and shorter 
than British children of the same age but were considered growing well and adequately 
nourished (Tann and Wheeler, 1980). 
In contrast, the nutritive value of the weaning diet in Hong Kong was reported to be 
unsatisfactory (Li et al, 1982; 1985). Li et al undertook studies in Aberdeen and Kwun 
Tong，large townships on Hong Kong Island and the Kowloon Peninsular. They studied 
the dietary intake of 180 infants, aged 6 - 24 months, who were brought to MCH for 
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routine immunisation, by a 24 hour recall method on the occasion. They found that many 
babies had nutrient intakes less than the Recommended Dietary Allowances: 69% for 
energy，67% for vitamin D, 57% for calcium and 41% for iron (Fig. 2.3). They 
concluded that the nutrient intakes of the weaning babies were unsatisfactory. The poor 
energy intake was attributed to the prolonged use of congee (about 10 calories per ounce) 
or soft rice (about 20 calories per ounce). The low iron intake was attributed to the 
infrequent use of iron fortified cereal products or eggs, and the common practice of 
removing meat particles from congee during feeding. Compared to NCHS reference 69% 
of infants were found to have weight below the expected weight for length. This was 
interpretated to be in excess of what one should find in a normal population and this，poor 
physical growth' of infants was stated to be due to poor nutrition. 
However, not all medical opinion agreed with these conclusions about Hong Kong infants. 
In local Paediatric practices, iron deficiency anaemia and nutritional rickets were rarely 
encountered. Malnutrition or failure to thrive due primarily to underfeeding was also 
rarely diagnosed (Personal communication with Statistical Unit, Medical and Health 
Department, Hong Kong Government). It is important to determine whether the Hong 
Kong Chinese children are really undernourished because this will affect strategies of 
health education, especially on infant feeding practices. Weaning is the most vulnerable 
period for nutritional disorders as well as the most manipulative period for a change in 
feeding behaviour. If infants are thought to be undernourished when they are not obesity 
may result due to 'overfeeding'. Obesity, caused by overfeeding, is the other end of the 
spectrum from malnutrition. Without recognising this the pendulum of nutritional 
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CHAPTER THREE ASSESSMENT OF NUTRITIONAL STATUS 
3.1 Methods of Assessment 
Nutritional status is anonymous to nutriture, and is a state resulting from the balance 
between the nutrient intake and the nutrient expenditure. Due mainly to a lack of sound 
concepts in the subject, it has not been clear just what should be assessed. Strictly 
speaking this assesses the state without assessing the process that leads to it. Status 
assessment alone will not provide information regarding the causes of disorder and this 
is obviously needed before appropriate action can be taken to restore the balance. 
Assessment is envisaged as but one step in the process of nutrition policy and planning, 
and when undertaken continuously constitutes nutrition surveillance. The World Health 
Organisation has recommended five possible ways to assess the nutritional status of any 
population: mortality and morbidity figures, haematological and biochemical studies, 
physical examination, anthropometric measurement and dietary surveys. (Mason et al， 
1984). Among these, anthropometric measurement is most often used (Jelliffe and 
Mliffe，1986) and dietary surveys enable qualitative and quantitative assessment of intake 
of nutrients. These two issues will be discussed in much detail later in this Chapter. The 
- - , 
other 3 methods are: 
a) Vital statistics 
i) Infant and under-five mortality rates are collected usually on a national basis. The 
reliability of such data varies considerably from country to country and it is in those 
countries where malnutrition is likely to be an important contributory cause of death that 
data will be especially unreliable. A further difficulty in this regard is that malnutrition 
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is rarely considered to be the primary cause of death. However, children who are 
physically very much smaller have a higher mortality rate (McLaren, 1982). 
ii) Morbidity such as protein-calorie malnutrition, iron deficiency anaemia and rickets, 
diarrhoea! disease, measles and other infectious disease, obesity, etc. are indices belonging 
to finer health statistics that require more manpower. These are usually performed in 
selected groups. 
iii) Late morbidity pattern which is essential but obtainable only many years later, e.g. 
cardiovascular disease, hypertension and diabetes mellitus are related to overnutrition. 
b) Haematological and biochemical studies 
Laboratory studies may confirm nutrient deficiencies determined by anthropometric, 
clinical or dietary evaluation or they may define deficiencies that are clinically inapparent. 
Deficiencies in some but not all nutrients can be assessed biochemically. 
Iron deficiency and rickets are the two common nutritional deficiency disorders, apart 
from protein calorie malnutrition,with a peak age of occurance between 1 - 2 years. 
Iron deficiency occurs in a sequence of 3 stages (Dallman and Reeves, 1984). The first 
stage consists of a depletion of storage iron, characterised by a decrease in the 
concentration of serum ferritin, which reflects the declining concentration of iron stores 
in the liver, spleen and bone marrow. The second stage is a decrease in transport iron, 
characterised by a declining concentration of serum iron and an increase in the iron 
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binding capacity (TIBC). These changes result in a decrease in the transferrin saturation, 
which is calculated from the ratio of the serum iron to the TIBC. A third stage develops 
when the supply of transport iron decreases sufficiently to restrict haemoglobin 
production, characterised by an elevation of erythrocyte protoporphyrin and the gradual 
development of detectable anaemia and microcytosis. Hence by measuring serum ferritin, 
haemoglobin, mean corpuscular volume, blood smear, mild as well as severe iron 
deficiency can be identified. 
In Vitamin D deficiency, biochemical changes occur before overt manifestation of rickets. 
A low phosphate and high alkaline phosphatase are simple biochemical tests but not as 
specific as serum Vitamin D level. Vitamin D, either from the action of sunlight on the 
skin or from the diet is hydroxylated in the liver to 25 hydroxy Vitamin D the 
concentration of which would be diminished in Vitamin D deficiency. 
c) Physical examination 
A careful and complete physical examination should still be the corner stone of clinical 
medicine. Clinical signs depend upon structural or functional changes in the tissues, and 
must of necessity appear later than any other group of tests. Classical syndromes are 
Kwashiorkor and Marasmus, anaemia and rickets. These are merely the，tip of the 
iceberg’ and are encountered only rarely in the population at large even where 
malnutrition is severe. Of all methods of nutritional assessment the clinical is the least 
subject to quantitation and the most liable to suffer from observer difference and error. 
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3.2 Physical Growth : Auxology 
Auxology, derived from the Greek word, Auxin, meaning to increase, is considered by 
some workers to be a better word than growth because it can be used both as an adjective 
or an adverb (Tanner, 1981). This term was first introduced by Godwin in 1919 in his 
longitudinal study on physical as well as physiological changes in growth and 
development. Later some French and Italian writers used this word in human growth 
literature. From the 1970�s onwards, Tanner and his associates began its systematic 
deployment in English language journals and publications. In this thesis, auxology and 
growth are synonymous terms to describe simply an increase in body size. 
The physical measurement of a child is the result of genetic and environmental influences 
(Falkner and Tanner, 1986). Among the latter, nutrition is one of the most important. 
During development, a fall off in the rate of growth is probably the earliest change to 
occur in response to diminished food intake. 
Somatic measurements are closely related to age of the subject and are meaningless unless 
age is also considered. When the measurements are taken repeatedly on the same subject 
at known intervals they indicate growth. Somatic measurements may be collected in cross 
sectional or longitudinal fashion. Cross sectional data are usually collected on large 
numbers of subjects of different ages at the same time. If the numbers are sufficiently 
large, they may be used as growth standards, e.g. NCHS data (Hamill et al, 1977). 
Longitudinal data on large numbers are difficult to collect but have provided the basis for 
monitoring the growth velocity of a child, e.g. Tanner and Whitehouse data ( Tanner et 
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al，1966). It is common practice in most centres to use weight and height (or length) 
for this purpose (McLaren，1982). The most vulnerable period of all to undernutrition 
is infancy and early childhood when lack of food will lead to a failure to achieve the full 
growth potential (Davies，1988). The weaning period from six to 18 months is especially 
critical when the young child has to become accustomed to many and varied non-milk 
foods to provide its nutritional needs. It is during this stage that protein-calorie 
malnutrition begins to take seed. To anticipate and diagnose growth failure at its very 
early stage growth monitoring has been recommended as an important measure to promote 
better child health (Grant, 1987). If any downward deviation of growth is observed then 
inadequate nutrition should be excluded. 
Physical size and growth rate are now widely acknowledged as sensitive indices of 
nutrition in both individuals and populations (WHO working group, 1986). On the other 
hand，whether they should be used solely as an indicator of nutritional status is subject to 
debate (Jelliffe and Jelliffe, 1986). 
3.2.1 Growth parameters 
Commonly used parameters include weight for age, height for age, weight for height, 
midarm circumference, midarm circumference-head circumference ratio (MAC/HC) and 
skinfold thickness (Graitcer et al, 1981; Sutphen, 1985). 
Of these anthropometric measurements weight for age is the most popular and reliable 
measurement in young infants with the advantage of simplicity and easy reproducibility. 
Length for age in infants is difficult to measure accurately and is less sensitive to short 
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term dietary deprivations. Deficit in weight for height is termed wasting indicating a 
deficit in tissues and fat mass. Deficit in height for age is termed stunting indicating 
slowing in skeletal growth (WHO working group, 1986). Weight for height provides an 
index of acute malnutrition and height for age chronic malnutrition. 
Head circumference reflects principally brain growth which is least affected by 
malnutrition. It is seldom used to interpret a child's nutritional state. However, in parts 
of the world where reliable scales and growth charts are not available yet protein-calorie 
malnutrition of infants and children is a widespread health problem then the ratio of 
midarm circumference to head circumference is often used (Kanawati and McLaren, 1970; 
Jelliffe，1966). Skinfold thickness is a measure of adiposity but the variability of 
measurement is relatively high. It is sometimes included in growth studies in the 
developed world but rarely in developing countries (WHO working group, 1986). 
3.2.2 In an individual 
Growth of an individual infant is affected by many factors. In prenatal life, growth is 
heavily influenced by the intrauterine environment. These intrauterine environmental 
influences are very important and it has been estimated that the fetal genome only 
accounts for about 20% of the variance in birth size (Smith, 1977). This powerful 
maternal control of fetal growth at this stage (totally dominating any paternal influences) 
is believed to be physiological, allowing the safest possible conditions for parturition e.g. 
a mother of small physical size to give birth to a newborn of small physical size. Thus, 
correlation between length at birth and midparental height is very small, only about 0.2 
(Tanner and Isrealsohn 1963; Tanner and Thomas, 1970). This changes rapidly over the 
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subsequent 18 months or so, when it reaches its adult value of 0.5 (Tanner et al, 1956). 
These improvements in height correlations with time are outward manifestations of genetic 
influences on growth rate, which somehow are brought into play once the child is freed 
at birth from prenatal maternal influences. 
These genetically controlled "target-seeking and self-stablizing" effects are often seen as 
growth shifts with trajectories moving in either upward ("catch-up") or downward ("lag-
down”�directions. One study from Smith et al of well-nourished, healthy American 
children has shown that about two-thirds of children crossed more than one centile line 
against a seven-point centile grid (97，90，75，50，25, 10 and 3) over the first year. 
Those of extreme size at birth showed the greatest shift. Babies relatively long at birth 
( � 9 0 t h centile) with a genetic makeup (judged by midparental stature) for smaller size 
tended to shift downwards at two to six months of age and achieved a new lower growth 
curve at an average of 13 months (Smith et al, 1976). 
On the other hand, if an infant is undernourished there would also be a downward 
deviation across the centile lines until there is adequate nutrition again when catch up 
growth can take place: and upward crossing of centiles to the original genetically 
determined centile line. An individual's growth curve should normally be interpreted 
together with the parental size in addition to general wellbeing. 
Therefore, interpretation of an individual growth curve especially when there is downward 
deviation against an appropriate reference standard can sometimes pose difficulty as to 
whether it is physiological or pathological. 
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3.2.3 In a Population 
Just as the growth curve of an individual is a sensitive marker of its nutritional status, so 
will the growth curves be for populations. The concept of "epidemiological auxology" 
came into being in the early 19th century and is defined as the use of growth to search out 
and later to define sub-optimal environment as part of health surveillance. In Britian the 
children of the manual labouring classes were noted to be shorter in general because of 
poor social conditions at home, inadequate food and long working hours. This brought 
about the Factory Regulation Act in 1933 (Tanner, 1981). Following that, the measuring 
of children in factories, schools and welfare clinics has played an important role in the 
course of social reform. For many years there were significant social class differences 
in the European countries, except for Sweden and Norway (Gopalan, 1989). 
Poor growth 
in relation to undernutriton is a serious problem in many countries 
Monitoring growth of children periodically can reveal the outcome of changes in the 
socioeconomical situation such as health policy, education policy, political reforms, and 
sequelae of natural disasters like drought, famine etc. 
When judging the growth of either an individual or a population, a standard reference is 
required. 
3.2.4 Reference standards 
A reference is different from a standard. A reference is a device for grouping and 
analysing data and a standard embodies the concept of a norm target. Further, there are 
香 港 中 文 大 學 圆 當 你 敌 肯 
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two types of local standards - that derived from an elite, presumably well nourished group 
and that which represents the average of the population. In countries where malnutrition 
is prevalent, it is difficult to find a big enough sample of healthy children to act as a 
reference standard. Because of the severity of problems of undernutrition in these 
countries an urgent need exists to identify the extent of the problem in order to improve 
the situation. The World Health Organisation has recommended the NCHS data to be used 
as an international reference for assessing the nutritional status of children (WHO, 1983). 
The NCHS reference composes of two sets of data assembled by the National Centre for 
Health Statistics in the United States of America: one longitudinal, 0 - 2 years by the 
Fels Research Institute between 1929 and 1975 and the other cross-sectional, 2 - 18 years 
by the National Health Examination Survey between 1963 and 1974 (Hamill et al, 1977). 
The latter set of data ( 2 - 1 8 years) was derived from a large sample, 300 - 600 in each 
year group. Besides height and weight other variables like head circumference, mid-
arm circumference, skinfolds are all available. Although the former set of data (0 - 2 
years) were derived from a smaller number of subjects, 210 children from 130 families, 
collected over a long period of time, i.e. since 1929，they, like the other set，comprise 
data made available both in centile curves and tabulation, median and standard deviation, 
either for each month or for each 0.5 cms, where appropriate. Therefore, although not 
perfect，they are considered the most suitable of all the available national growth 
references (Waterlow et al, 1977). 
The advantage of using a universal reference is to bring uniformity in the assessment of 
growth and nutritional status. Comparison and interpretation of growth data from 
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different populations of children is facilitated if values are based on the same norms. 
But the applicability of a universal standard is not unanimous. First of all, what is a 
standard, is it a goal or a target? Secondly, should the target be the same universally? 
The Committee of the International Union of Nutritional Science recommended that 
growth standards should be derived from carefully selected samples representing children 
growing in an optimal environment for that country. But what is optimal? In the past the 
best nutrition has often been equated with the most food that can be obtained. But it is 
now accepted that too much food may be as harmful as too little. The most healthy does 
not necessary equal the most privileged either (Goldstein and Tanner, 1980). So, a better 
definition of optimal might be the level of nutrition and medical care which is associated 
with the best possible health. There is not yet a satisfactory definition of positive health. 
It is generally accepted that a criterion can be based on the lowest mortality and morbidity 
rate. 
Does the population from which the NCHS growth data were derived have the lowest 
morbidity and mortality? The health status of the infants in the Pels data was not 
recorded. A more controversial issue is that, should one use a growth standard derived 
from an ethnically different population? 
Habicht (1974) by comparing the weight and height of preschoool children in different 
social classes and different racial groups (in America, Australia, Guatemala, West Africa, 
Thailand, etc) found that differences in growth associated with social class are many times 
those which can be attributed to ethnic factors alone (Habicht et al, 1974). Similarly 
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Graciter and Gentry (1981) found that the distribution of weight for height and height for 
age of privileged children in Egypt, Togo and Haiti did not differ greatly from the NCHS 
reference population. Therefore they concluded that it is the socioeconomic status and not 
race or ethnicity that mainly determines child growth. Waterlow is also inclined to think 
that growth potential in the early years of life is not much affected by ethnic differences. 
Therefore he believes that it is justifiable to apply North American or European standards 
internationally (Waterlow et al, 1980). A leading article in Lancet in 1984 authoritatively 
stated that one international standard is sufficient for all (Anonymous, 1984). Even up 
to 1988 the World Health Organisation still holds this view that the genetically determined 
average growth curves should be applicable to all or most populations of preschool 
children (Keller, 1988). 
Objections to the above assumption have been strongly held by other workers. Eveleth 
and Tanner (1976) stressed the differences in growth among children of different ethnic 
groups. Healthy black children living in the United States, America or Africa are 
significantly taller than the Europeans and the Asians. Children in Japan, Hong Kong and 
Korea are much smaller and these variations in size are now believed to be partly due to 
genetic differences (Tanner, 1976). Martorell et al (1988) also believe that variations in 
stature among the people of the world are due to both genetic and environmental factors. 
Under poor conditions the explanatory role that can be ascribed to genetics is minor. 
However, as economic development takes place, the effects of poverty on stature diminish 
and genetic explanation acquires greater prominence. 
Davies (1988) stated that differences in genetic make up undoubtedly account for 
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variations in size between individuals within any ethnic group who are brought up in 
comparable environmental conditions. This genotype has a particularly strong effect in 
the first few years after birth, when the child moves away from heavy maternal influences 
on prenatal growth. Therefore, not to accept genetic differences in growth potential in 
children is wrong. 
3.2.5 Classification of malnutrition 
One of the earliest attempts to classify mild, moderate and severe malnutrition was by 
Gomez in 1955 (Jelliffe, 1966). It was based upon weight for age alone. Weight between 
90% and 75 % of the expected median weight for age was classified as mild or first degree 
� . - , 
protein-calorie malnutrition (PCM), those between 75% and 60% moderate or second 
degree malnutrition and < 60% severe or third degree respectively. The Boston reference 
was then used as the standard. The functional significance of classifying into 3 grades 
was challenged by Chen et al (1980) since he found that only the severely malnourished 
children were found to be more at risk whereas the mild, moderate group had the same 
risk of morbidity and mortality as the normal. The cut off points of Gomez scale, 90%, 
75%, 60% are in fact arbitrary and have no real scientific basis. 
« 
The term stunting was introduced by Waterlow in 1972 (Waterlow, 1972; 1973; McLaren 
and Read, 1972) implying a deficit in attained length or height of children. Stunting is 
a process and stunted a distance term. He suggested that weight for height is an index of 
current nutritional status whereas height for age gives a picture of the duration of 
malnutrition. Wasting was defined as weight below 80% for height and stunting as height 
below 90% for age. Recently Jelliffe and Jelliffe (1986) have suggested a unified 
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terminology to describe various forms of protein-calorie malnutrition: 
Weight < 80% or -2SD weight for age = underweight for age 
Weight < 90% or -2SD weight for height = wasted 
Height < 90% or -2SD height for age = stunted 
All refer to the NCHS reference. The reason for using percentage of the expected median 
value is probably historical. But statistically using the S.D. is more logical. The 
availability of a computer programme by the Centre of Disease Control has facilitated 
the assessment using S.D. if the American data are to be used as the standard. However 
if the NCHS is not a suitable universal standard then the outcome of severity of 
malnutrition judged in this way would be wrong. 
For infants below two years, weight for age and arm circumference for age were found 
to bear greater correlation with the mortality rate than weight for height (Chen et al， 
1980) possibly because it is technically more difficult to obtain an accurate measurement 
of length, 
Midarm circumference (MAC) changes only slightly between one and four years and is 
a very simple measurement. MAC can therefore be considered age constant. Shakir and 
Morley (1974) devised a simple stick to measure PCM : 13.5 cm is the cut off point. The 
WHO had recommended the Wolanski's reference obtained from Polish data to be used 
as a standard (Jelliffe, 1966) and 85% was the cut off point for malnutrition. Both 
references for infants at two years were similar. On the other hand, Kanawati and 
McLaren (1970) recommended a ratio of MAC/HC to be used as a quick method in field 
work to assess nutritional status using 0.31 as the cut off point. Values below this were 
25 
considered undernutrition of varying degrees. 
The total body fat reflects man's state of nutrition. Methods of assessing body fat include 
measurement of body density by under water weighing method，measurement of total body 
water by dilution of deuterium oxide or electrical impedence methods, and measurement 
of skinfold thickness over 4 sites - biceps, triceps, subscapular and suprailiac. 
The correlation coefficient between body density measured by the underwater weighing 
method and the sums of two or more skinfolds (in the logarithmic transformation) varied 
between -0.7 to -0.9 for the adult population (Durnin and Womersley, 1974). The use 
of hydrostatic weighing is unsuitable for infants. The use of electrical impedence methods 
for infants has not been reported (Davies et al,1988). The correlation coefficient between 
total body water measured by deuterium oxide and body density calculated from the 
skinfold thickness at the 4 sites for adolescents was 0.98 (Brook, 1971). Therefore it is 
generally accepted that the anthropometric measurement of the skinfold thickness gives 
a good estimate of degree of fatness. The widely used reference for children consists of 
triceps and subscapular skinfold (Tanner and Whitehouse, 1975), which was recommended 
by the WHO as a possible and practical anthropometric indicator of nutritional status 
(WHO working group, 1986). A fatfold thickness of less than 80% of the reference has 
been recommended as a cut off point for malnutrition but this is rarely applied in growth 
studies of the developing countries. 
In conclusion, current international recommendations are based on various indices derived 
from Caucasian data, mainly the National Centre for Health Statistics (NCHS). But this 
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view is not unanimously accepted. Therefore, although anthropometric assessment is a 
cheap and simple way to assess the nutritional status of a population, there is much 
confusion about the interpretation because of the problem of reference standards (Jelliffe 
and Jelliffe 1986). 
3.3 Dietary Survey 
Accurate dietary evaluation measures the quality and quantity of food intake, the macro 
and micronutrients provided. Limitations of each method of dietary assessment and the 
variations in food composition tables need to be considered. 
3.3.1 Methods of data collection 
Dietary intake data may be broadly defined as all sources and types of information relating 
to the food consumption of individuals or population groups. The information may range 
from gross and imprecise measures of intake, such as national apparent per capital 
consumption of a commodity to very precise evaluations of individual nutrient intakes, 
such as the mg of calcium or iron per meal or per day. 
There are advantages and disadvantages of the various methods used for dietary surveys 
(Roberge et al, 1984). 
a) Agricultural balance data and statistics are the gross indicators of dietary intake often 
used by governments, but this is the least accurate method because it does not indicate 
the relative distribution of nutrient intakes among the population. 
b) Metabolic studies are the most accurate methods but extremely costly, time consuming 
27 
and most impractical for populations. 
c) Short questionnaires are used in various epidemiological studies with the focus on 
some specific food or nutrients chosen for their suggested link with the disease studied. 
They do not give the full profile of nutrient intake. 
d) The food record or diary used on an individual basis requires the subject to keep a 
written record of all foods and beverages ingested over a period of time usually 3 - 7 
days�Portion sizes are estimated using food models and standard measuring instruments 
recorded in household measures or can be an actually weighed dietary record. This 
method demands cooperative, literate and highly motivated participants. The 
representativeness of the data may be affected by a low response rate. 
e) Duplicate sampling method is by far the most accurate but because of the time and 
motivation needed to complete it, is only suited to small groups of volunteers. The 
subject is asked to prepare duplicate meals where all raw ingredients used in the 
preparation of dishes are weighed, the method of cooking, weights of cooked dishes, the 
portion eaten and waste are recorded. The duplicate meals as eaten are frozen and later 
subject to bomb calorimetry or chemical analysis (Graham, 1982). 
；.•；^ ‘. 
f) The 24-hour recall is the method of choice in large scale nutrition surveys. The 
respondants are asked to describe, in as much detail as possible, the food intake for the 
previous 24 hour period. The interview is conducted by trained personnel using food 
models replica foods or photographs as well as standard measuring instruments to aid in 
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estimating portion size. The reliability of a single day's intake as a measure of habitual 
intake is questionable. It is not the instrument of choice to assess dietary status of an 
individual but does yield a fairly accurate group profile with a correctly chosen probability 
sample. The relatively low cost and limited time required from the participants are added 
advantages for large scale surveys (Guthrie, 1989). 
g) Food frequency is by grouping food into categories and using the frequency with 
which each food group is consumed to reflect the diet pattern. Its greatest shortcoming 
is the limited degree of precision of the calculated nutrient intake. However, the rapidity 
with which information can be gathered and analysed may outweigh the decreased 
precision. It allows a rapid feedback to the studied population which is necessary in 
epidemiological approaches. 
h) Dietary history is a retrospective interview method that attempts to reconstruct a 
，typical，food intake over one week. It usually begins with a 24-hour recall and continues 
with further questioning about alternative meals, weekend patterns and the frequency of 
consumption of different foods. A detailed dietary history should incorporate a 24-hour 
recall and food frequency method. It is time consuming, costly, not very practical for 
large field studies but a much better method then either 24 hour recall or food frequency 
alone to assess a group mean intake. 
It has been shown that co-operative rates are higher in interview methods than in 
prospective surveys. Both are subject to possible sources of errors. The fact of being 
observed may cause people to change their diet to simplify recording or to impress the 
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observer. The use of estimated weights can contribute large errors to the calculated 
intakes of individuals. However, studies that have compared records with estimated 
weights against weighed records have not found any systematic bias in the calculated mean 
intakes. In prospective records, the subject estimates the portion in front of him, in 24-
hour recall, it is the portion eaten yesterday, and in a dietary history, it is the probable 
or imagined portion. The errors are probably greater in retrospective interviews. 
Moreover, there can be different perception of diet and day to day variation of food intake 
(Black, 1986). 
Money，time and pesonnel are frequently the major contraints determining which method 
should be used. Despite requiring a detail interview and estimation of quantities 
consumed, the dietary history method is very useful for studies of few subjects seen 
repeatedly or a single history from a large sample. 
From the dietary data obtained, food tables are used for the final analysis of data. Food 
tables are average values of the analysis of food samples from various sources and as such 
have only limited accuracy. They are, however, very easy to use and to understand. The 
agreement between analysed values and values given on food tables can be as good as 
0.5% (for protein) or as bad as 22% (for fat). This is due to a variation in fat content 
between samples of the same food. Provided allowance is made in the final figures, food 
tables prove an invaluable tool. The amount of carbohydrate, protein and fat are 
converted to energy by multifying the Atwater factors: 4，4 and 9 respectively (Graham, 
1982). 
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To assess dietary intake of breast fed infants, the method of weighing before and after a 
feed for one or more days is often used (Foman et al, 1964; Foman, 1974). For bottle 
fed babies, the volume and strength of artificial milk consumed at each meal for one or 
several days can be used to calculate the daily nutrient intakes. While infants in the first 
few months consume a simple diet - milk alone, older infants consume a diet containing 
solids of variable nutrient content and with more day to day variation. Therefore, a 
combination of food frequency, dietary history together with 24-hour recall of a typical 
day is more reflective of the true dietary intake, provided there is enough time and 
manpower. 
3.3.2 Recommended dietary allowance/recommended nutrient requirement 
The first recommended dietary allowance (R.D.A.) was set up in 1941 by the Committee 
of the National Research Council's Food and Nutrition Board in the United States mainly 
to serve as a guide for planning and procuring food supplies for the nation. The 
allowances have traditionally been defined as "the levels of intake of essential nutrients" 
which are adequate for practically all healthy persons. 
The steps leading to a recommended level of nutrients (except energy) are: firstly, 
estimating the average requirements of a population for a given nutrient and the variability 
of requirement within that population; secondly, increasing the average requirement by 
an amount sufficient to meet the needs of nearly all members of the population; thirdly, 
increasing the allowance to account for inefficient utilization (poor absorption, poor 
conversion of precursor to active forms, etc). For some nutrients where there is 
inadequate information about the variability of individual requirements, judgements must 
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be made. These are revised every five years according to new advancements of knowledge 
based upon results of updated animal experiments, nutrient balance studies and 
biochemical measurements, food consumption pattern and epidemiological observations. 
The most updated one is the 9th edition of RDA published in 1980 (National Academy 
of Science, 1980). The 10th edition, which should have been published in 1985 has been 
postponed till present because of disagreement on some nutrient requirements (Press, 
1985). … 
From the way in which recommended allowances were set up, it is important therefore 
to note that intakes below the recommended allowance, which in actual practice would be 
set at the level of the mean + 2 SD for a nutrient, are not necessarily inadequate. But 
the further away from the level, intake is, the greater becomes the risk of inadequacy. 
The allowance for energy was treated differently from allowances for specific nutrients 
such as protein, vitamins and minerals. Energy intake is usually well regulated in 
response to the amount of energy expended. A surplus of energy from any source is 
stored as fat. The continued excessive intake of energy leads to obesity and may be 
detrimental to health. Therefore recommended allowances for energy are estimates of the 
average needs of population groups and not recommended intakes for individuals and it 
is to be expected that half of the population takes less than the recommended energy 
requirement. 
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3.3.3 Use of RDA in interpretation of food consumption surveys 
In assessing dietary surveys of populations, if the amounts of nutrients consumed fall 
much below the RDA for a particular age-sex group, some individuals may be at 
nutritional risk. The higher the proportion of individuals with such low intakes, the 
higher is the risk of deficiency in the population. But an intake for an individual below 
the allowances is not, in itself, necessary evidence of nutritional inadequacy. Only when 
dietary evidence of inadequate intake of nutrients is accompanied by clinical and 
biochemical evidence of nutritional deficiency would there then be a definite need to take 
remedial action. 
On the other hand, an intake of energy in excess of requirement is highly undesirable as 
it will lead to obesity. High intakes of a number of nutrients - such as vitamins A and 
D and certain trace elements - can be toxic. It cannot be emphasized too strongly that, 
although there are some who ardently encourage the ingestion of excessive amounts of 
several individual nutrients, the Committee on Dietary Allowances is not aware of 
convincing evidence of unique nutritional benefits accruing from the consumption of a 
large excess of any one nutrient or combination of nutrients. Large doses of individual 
nutrients e.g. Vitamin A may have some pharmacological action but such effects are 
unrelated to nutritional function. 
In addition to the limitations discussed above, the following points should also be 
recognized: (a) RDA have not been established for all the essential nutrients, (b) many 
foods have not been analysed for all these nutrients, and (c) interactions of various types 
between nutrients and other food constituents may affect the bioavailability of some 
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nutrients and hence the usefulness of some information about food composition. The 
postponement of the 10th edition of the RDA also reflects the uncertainty about the basis 
upon which some nutrient requirements were derived (National Academy of Science, 
1980). 
3.3.4 Nutrient allowances for infants 
The starting point in estimating allowances for infants is usually the average amount of 
the nutrient consumed by thriving infants breast-fed by healthy, well-nourished mothers. 
Nutrients are present in human milk in a well-balanced, highly available form for the 
growing infant. Approved commercial infant formulas have quantitative nutrient 
compositions similar to human milk, except that when there is uncertainty concerning the 
utilization of some nutrients in the form providied, these nutrients may be supplied in 
greater quantity as a margin of safety. RDA for infants up to six months old are based 
primarily on the amounts provided by human milk but in some cases the allowances may 
exceed these levels to provide for infants receiving formula and other infant foods and 
thus making allowance for the fact that the efficiency of some nutrients is not as good 
as those in breast milk. RDA for infants six months to one year of age are based on 
consumption of formula and an increasing amount of mixed solid foods. Allowances for 
some of the nutrients are listed below. 
Energy 
For a long time, it was noted that babies consume about 800 ml formula at around three 
months. Then it was assumed that as baby grows, milk consumption or energy 
requirement should increase. Energy allowances for infants during the first year of life 
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were set at levels reflecting the general pattern of intake of thriving infants. During the 
first year of life, the allowance reduces in suitable steps from a level of 115 kcal/kg of 
body weight at birth to 105 kcal/kg by the end of the first year. Thereafter it declines 
gradually to about 80 kcal/kg at 10 years of age. 
Of a similar nature, the World Health Organisation (WHO) have regularly been bringing 
together an expert group to review human requirements for various nutrients. The 1973 
FAO/WHO recommendation for energy requirement is similar to that in the Nineth 
Edition of the RDA，both based on Fomon's study of milk intake in babies below three 
months. The average volume of milk was found to be 800 ml (Fomon et al, 1964). It 
was then assumed that as baby grows bigger, the milk requirement would increase 
proportionally. Hence by extrapolation, the daily volume of milk required to sustain 
normal growth for infants at 6 months should be 1200 ml (FAO/WHO, 1973). 
However, from recent studies of milk intake of healthy infants in Canada, Sweden, 
Australia, and United Kingdom (Yeung et al, 1979; Boulton et al, 1979; Whitehead et al, 
1981; Persson et al, 1984)，young infants have been shown to thrive on much less milk 
at around six months. Energy intake per kg is now believed to fall rapidly from birth to 
six months and then rise again towards the end of the first year. This illustrates how 
some recommendations for nutrient requirements were based upon assumptions which 
were later found to be incorrect. 
With these updated research data, there has been a 10-15% fall in the recommended 
energy requirements for the six month old infants in the revised edition of the 1985 
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FAO/WHO/UNU Technical Report Series. Therefore if dietary energy intake of babies 
around six months are compared to old references, 1973 FAO/WHO or RDA 9th edition, 
they might have been diagnosed as underfed; whereas with the new reference 
(FAO/WHO/UNU, 1985) they can now be judged as adequately fed. 
Protein 
Protein allowances for infants are similarly based on the amount of protein provided by 
the quantity of milk required to ensure a satisfactory rate of growth. This is estimated to 
be 2 - 2 . 4 g/kg/day during the first month of life and to fall gradually to about 1.5 kg/day 
by the sixth month. For infants over six months of age, the requirement for 1.5 g of milk 
protein per kilogram per day has been adjusted upward to allow for a 75-percent 
efficiency of utilization of proteins from a mixed diet. 
The allowances for children and young people are calculated from information on growth 
rates and body composition assuming that efficiency of protein utilization for growth is 
comparable with that observed for maintenance in adults. The allowances decrease 
gradually from 2.0 g/kg at ages 0.5 - 1 year to 0.8 g/kg at age 18 years. 
The protein requirement recommended in the 1985 FAO/WHO/UNU report is the safe 
level of intake that will meet or exceed the requirements of practically all the individuals 
in the group and is defined as average requirement + 2 standard deviations. 
Iron 
The normal term infant can maintain optimal hemoglobin levels with an iron intake of 1 
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mg/kg/day, starting about the third month of life. Low birth weight infants and those 
with significant reduction in total hemoglobin mass require 2 mg/kg/day, starting soon 
after birth (American Academy of Pediatrics, 1976). The recommended allowance often 
quoted for the average need of both full term and preterm infants was therefore 1.5 
mg/kg/day during the first year of life. The 1974 Recommended Dietary Allowance for 
iron is 10 mg/day until six months of age and 15 mg/day between six months and three 
years of age irrespective of body weight. The WHO recommended 1 mg absorbed iron 
per day for 1 - 2 years old infants which is equivalent to 10 mg iron if animal food 
constitutes less than 10% of the total daily energy intake and 7 mg if animal food 
constitutes more, 10 - 25% (FAO/WHO，1970). 
Vitamin D 
The Vitamin D requirement was set at 400 iu (10 ug) taking into account possible 
inadequate exposure to sunlight. Such an intake has been observed to promote better 
calcium absorption and some increase in growth although 100 iu (2.5 ug) of Vitamin D 
per day prevents rickets and ensures adequate absorption of calcium in the gut, satisfactory 
growth rate and normal mineralisation of the bones in infants (FAO/WHO, 1970). 
Table 3.1 summarises the 9th edition of the Recommended Dietary Allowance (National 
Academy of Science, 1980) and the WHO recommendations for energy, protein 
(FAO/WHO/UNU, 1985), iron and Vitamin D intake (FAO/WHO, 1970). 
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Table 3.1 The recommendations for energy, protein, iron and vitamin D 
for infants below two years 
Nutrients Age, m RDA (1980) FAO/WHO (1985, 1970) 
Energy 
Kcal/kg/day 1 115 124 
6 110 92 
12 105 99 
24 100 106 
Protein 
mg/kg/day 1 2.2 2.25 
12 2.0 1.48 
24 1.15 1.13 
Iron 
mg/day 0 - 2 4 1 0 - 1 5 7 - lo^ 
5 - 7b 
Vitamin D 
lU/day 0 - 24 400 400 
a where animal foods < 10% of calories 
b where animal foods 10 一 25% of calories 
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CHAPTER FOUR MATERIALS AND METHODS 
4.1 The Research Team 
In June 1984, a research team was set up within the Department of Paediatrics of the 
Chinese University of Hong Kong comprising a part-time dietitian, full time nurse and a 
paediatrician (the author) in order to investigate in detail the growth and nutritional status 
of local Chinese children from birth to two years covering the weaning period. The 
study was made possible by a grant from the Croucher Foundation for two years: six 
months was given to recruitment of the cohort, two years for data collection and six 
months for data entry into the computer. 
4.2 Study Population 
The study was conducted in Shatin, a new urban development in the New Territories, 
covering 1893 hectares of which 630 hectares were built on reclaimed land on either side 
of what was once Tide Cove at the foot of Shatin Valley. Within ten years the population 
had increased ten fold to 250,000 in 1984. At the start of the study, 60% of the Shatin 
population were housed in new public housing, including low cost and Home Ownership 
Development whereas only 44% of the total population were then being similarly housed 
in Hong Kong. Fig. 4.1 provides a view of Shatin new town to illustrate the housing 
environment. 
Primary health care (immunisation, infant feeding advice, health and developmental 
screening) in Shatin new town was provided in two Maternal and Child Health Centres 
(MCH) (there was a total of 42 in the whole of Hong Kong). The study cohort was 
recruited in one of these situated in the Lek Yuen low cost housing estate and easily 
40 
accessible by public transport. 
The intent was to obtain a population of infants for study which would represent a typical 
sample of healthy infants fed according to the guidelines given by the MCH clinic. The 
period of recruitment was June to December 1984. It was hoped that during this time 
between 150 to 200 infants could be obtained, a number which could be coped with by 
the two research workers. The infants for the study were selected from those who were 
brought to the Lek Yuen Clinic for their first routine check up after delivery. These 
babies were referred by the MCH staff to the research team in a room of the same 
building . Among those who fulfilled the following criteria: full term, age < 10 days, 
no perinatal complication requiring special care and no maternal complication during 
pregnancy, a stratified sample was recruited. Since the more well-off families tend to 
bring their babies to the private practitioner's or paediatrician's office rather than the 
MCH clinics for immunisation, the attendance at the MCH clinics is somewhat 
overrepresented by the lower socio-economic sector. With the allocation of public 
housing policy in Hong Kong, family income can be reflected in the type of 
accommodation. In order to obtain a sample typically representing all social groups in 
Shatin and to avoid over representation of infants coming from the lower socio-economic 
sector a stratified sample was obtained according to the type of housing of families 
(Goldstein, 1986). For those who lived in public housing, one in three was recruited, if 
from private housing one in two. To each mother or baby minder the study was explained 
as one whose aim was to learn more about the growth and feeding practices of 
contemporary born children. Any baby whose mother was doubtful of the project or 
refused to participate was excluded and the next attending baby from the same type of 
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accommodation was considered for recruitment. 175 babies were recruited. One was 
later discovered to have been born prematurely and therefore excluded leaving 174，94 
boys and 80 girls, as the study cohort. Fig. 4.2 shows the distribution of survey families 
in Shatin. 
4.3 Follow Up 
It was explained to the mothers that they would be required to return to a follow up clinic 
at two monthly intervals in the first year and three monthly in the second (as near as 
possible to the date of birth). Because of anticipated difficulties in keeping to the exact 
date，a leeway of 土 7 days was to be allowed when making an appointment date. That 
there was a dietitian in the research team was not made known to the mother. No dietary 
advice was to be given by the research team members: any queries about diet were to be 
referred to the MCH staff. At each visit, the parents were to be interviewed and asked 
details of any illness, infant care practices and dietary intake. Anthropometric 
measurements would be taken of the infants. The visit would last about 20 - 30 minutes. 
The mothers were also told that if they found themselves tied up at home and therefore 
unable to attend the clinic, or if the infant was unwell or just recovering from illness, the 
interview and measurements could be arranged to take place in their homes. 
4.4 Data on Morbidity and Infant Care Practice 
The age of infants at each visit was recorded both as month and decimal age so that data 
could be grouped and analysed for the same month and growth velocity data calculated 
using decimal age. 
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Morbidity 
Any illness in the preceding two to three months was noted. These included the number 
of days being unwell, the diagnosis given by the family or hospital doctor and whether 
or not hospitalisation had been needed. Each baby was carefully examined for their 
physical and developmental wellbeing at the first and eighteen month old visits. 
Infant Care Practices 
The daily routine of each infant was asked including feeding, sleeping, indoor and outdoor 
activities in relation to the family's routine. Any change in the baby minder was noted. 
4.5 Anthropometry (I) 
Since the the mean age of recruitment was day seven after birth measurements at birth 
could not be performed by the research team. The birth weight was that made known to 
the mother at the time of delivery. The length, head circumference, triceps and 
subscapular skinfold thicknesses and midarm circumference were measured at the time of 
recruitment. Since these measurements were considered not to have changed appreciably 
in the first few days of life they were referred to as birth data. 
4.5.1 Data Collection 
As mentioned earlier in Section 3.2.1 weight and length are the most commonly used 
anthropometric parameters to assess nutritional status. Head circumference is not as 
commonly used, but still measured in infant clinics to assess the general wellbeing of an 
infant and is part and partial of an infant's growth chart. Midarm circumference is the 
parameter more often used in developing countries to identify undernutrition and skinfold 
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thickness in developed countries to identify overnutrition. Since this study involves 
comparison with the local and international growth data related to nutritional assessment, 
the above mentioned growth parameters were measured. 
The growth data were obtained by the research nurse. Training and practice of the 
standard techniques in measurement were undertaken until the intraobserver error was 
very small. To test the reliability of weight, length and head circumference, eight infants 
in the Paediatric ward were measured and values recorded single blinded on two 
occasions, four hours apart (Cameron, 1986). The standard errors of measurement for 
weight, length and head circumference were 0.007 kg, 0.078 cm and 0.035 cm 
respectively (Table 4.1). 
All equipment used consisted of the best models available at the time and as are being 
used in many world renowned growth research centres. They were calibrated each 
morning before measuring any baby and were used in the standardised manner. 
Weight: A Seca beam balance accurate to 土 5 gm was used. It was calibrated with a 
dry towel placed on it and adjusted to zero. A standard weight of 1 kg was used to check 
its reliability. The infants were weighed naked while sitting on the dry towel (because the 
surface of the scale was cold). The infant was kept entertained by the other research 
worker in order to make him keep as still as possible on the weighing scale, facilitating 
accurate measurement. On rare occasions when an infant refused to be removed from the 
mother, both mother and infant were weighed together and then mother alone so that the 
baby's weight could be calculated by the difference between the two measurements. The 
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reading was in kg, to three decimal places and to the nearest 5 gm. 
Length: The supine length was measured with the baby lying on the measuring table. 
For babies below one year the Harpenden Neonatometer was used and for those older than 
one year, the Harpenden Infantometer. Both the Neonatometer and Infantometer were 
calibrated with a built-in standard length measurement. During measurement, the baby's 
head was held, by the assistant standing behind the fixed headboard, touching the head 
piece and in the supinated Frankfurt plane, i.e. the lower orbit of the eyes in the same 
vertical plane as the upper margin of the external auditory meatus. Downward pressure 
was exerted gently on the shoulders to prevent arching of the back. While ensuring that 
the legs were straight, the ankles at right angles, and the toes pointing directly upward, 
the footboard was brought into firm contact against the subject's right heel. The same 
procedure was repeated and the mean of two readings from the counter was recorded to 
the last completed mm. 
Head circumference: The maximum occipito-frontal circumference was recorded to the 
last completed mm measured with a non-stretchable measuring tape, pulled tight to 
compress the hair. 
Weight and Length Velocity 
While these two parameters are occasionally used clinically for older children to detect 
growth failure such as growth hormone deficiency using Tanner etal's reference obtained 
from the Harpenden growth study, there has not been any good reference for infants from 
birth to 2 years. As growth monitoring is considered important in infancy, a growth 
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velocity reference for infants is needed (WHO working group, 1986). This longitudinal 
study of infants enabled the growth velocities to be assessed providing a source of 
reference for other populations. Moreover, the understanding of changes in weight and 
length velocity over the first two years helps in the understanding of the changes of 
nutritional requirements at various age intervals during infancy. Units presented are those 
being used for older children, i.e. kg/yr or cm/yr. Data can easily be converted to 
gm/day or cm/month if there are such data published by other workers for comparison. 
Velocities were calculated from measurements of weight and length of an infant over two 
consecutive visits and taken as the velocity at the mid-period between the two visits, eg, 
at the 4 month's visit the data obtained at 2 and 4 months were used to calculate the 
weight and length velocity at 3 months. 
4.5.2 Data Analysis 
Mean and SD 
The observed means and standard deviations for all the auxological parameters for each 
sex including distance and velocity data were analysed according to the age of infants in 
months. For each parameter in each sex a line was drawn to join all the means. These 
were found to be so smooth that only minimal hand smoothing was required. The lines 
joining SDs for each parameter at each visit were drawn separately and smoothing was 
done primarily by seven point moving average method using a computer program together 
with occasional minor hand smoothing where necessary (Appendix I). The tabulated 
values of the means and SDs for these parameters were derived from smoothed curves. 
The smoothed mean curves of weight, length and head circumference were compared to 
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the NCHS references (Hamill et al, 1977). 
Percentile Values 
Frequency distribution was checked for each of these parameters at each visit and they 
were found to be normally distributed in a Gaussian manner. The observed means were 
close to the observed median. Thus the percentile values of weight, length and their 
velocities and head circumference were obtained by employing the equation for Gaussian 
normally distributed measurements :-
3rd & 97th percentile - Mean 土 1.881 S.D. 
10th & 90th percentile - Mean 土 1.282 S.D. 
25th & 75th percentile - Mean 土 0.675 S.D. 
A sample size of 174 is relatively small to obtain representative outer centile values but 
adequate to obtain the mean of the population. By using the above equations more 
reliable estimates of the outer values could be obtained. The centile charts for weight, 
length and head circumference were compared to the widely used local growth charts 
constructed by Chang in the 1960s (Chang et al, 1965). As there was neither a local nor 
an international reference, for growth velocity charts in the first two years, the velocity 
percentiles were presented alone. 
4.6 Anthropometry (II) 
Midarm circumference: The right arm was flexed to a right angle and a mark drawn on 
the lateral side of the upperarm midway between the tip of the acromion and olecranon. 
A nonstretchable measuring tape was passed around the arm touching the skin but not 
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compressing the soft tissue. The measurement was read to the last completed mm 
ensuring that the tape was in a plane perpendicular to the long axis of the limb. 
Only the observed means and SDs were presented and no smoothing was done. These 
were compared with the modified Wolanski's reference (Jelliffe, 1966). 
The midarm circumference / head circumference ratio was obtained for each age interval 
and compared to the Kanawati and McLaren reference (Kanawati and McLaren, 1970). 
4.7 Anthropometry (III) 
Triceps and Subscapular Skinfold Thickness 
To measure the triceps skinfold thickness, the mid point between the tips of the acromion 
process and olecranon was marked, the skinfold picked up by the left hand over the 
posterior surface of the triceps muscle one cm above the mark on a vertical line passing 
upwards from the olecranon to the acromion, pressure was maintained until the end of the 
measurement and the caliper jaws were applied at the marked level. • The Holtain skinfold 
caliper was held in the right hand and during measurement, the grip on the caliper was 
released to ensure that the caliper exerted its full pressure of 10 Ib/mml Two 
measurements on the left side were made to the last completed 0.1 mm and the mean 
taken. To measure subscapular skinfold thickness the medial border of the left scapula 
was palpated and fingers of the left hand run downward along its full length until the 
inferior angle was located. The skinfold was then picked up immediately below the 
inferior angle of the scapula with the fold either in the vertical line or slightly inclined, 
downward or laterally, in the natural cleavage of the skin. Two measurements were made 
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to the last completed 0.1 mm and the mean taken. 
The frequency distributions of skinfold thickness at each age were found to be slightly but 
not markedly skewed on most of the occasions of measurements after six months. Log 
transformation was tried but this did not help to lessen the degree of skewness. 
In view of this mild skewness, the 90th, 50th and 10th percentile values for each skinfold 
thickness were calculated directly from the raw data. These were then smoothed by hand 
(Appendix I). The tabulated percentile values were derived from the smoothed curves. 
These centile curves were compared to Tanner's reference for skinfold thickness. 
4.8 Dietary Data Collection and Analysis 
As 174 families were to be interviewed 11 times for their child's nutrient intake at various 
ages, it is not practical to ask parents to do 7-day weighing or to prepare duplicate meals. 
A detailed dietary history incorporating 24-hour recall and food frequency was chosen as 
the best possible method of dietary assessment for the study group (refer Section 3.3.1). 
For the first six months, when milk is the predominant food and the life pattern of a baby 
is very regular, there is practically no difference betwen using 24-hour recall alone and 
using a combination of three methods. As baby grows older there is more day to day 
variation, e.g. pork on one day and fish on another to be eaten with soft rice, biscuits, 
bread or yoghurt used for snacks on different days. Therefore, a dietary intake over a 
week was assessed, taking into account the variety of food. The mean daily intake was 
calculated for each individual at each study period (See Appendix V). Since the parents 
knew that it was a longitudinal survey and they were to be interviewed repeatedly, it is 
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highly unlikely that they would make up the dietary information. As discussed earlier, 
the mean value obtained for the group should be reliable. For the purpose of this thesis, 
only the mean values will be compared to those in other dietary surveys which are also 
subject to similar possible errors. Such cross checking using a combination of three 
methods enables the best possible accurate information to be obtained. 
Knowing how uncommon breast feeding is in Hong Kong (Baber, 1981) it was decided 
from the outset of the study to only include the formula fed babies in the calculation of 
nutrient intakes. The type of milk, strength of reconstitution, feed frequency and volume 
consumed by the bottle fed babies were recorded. The daily energy consumption was 
calculated from information provided by the various milk manufacturers. As there are 
many infant formulae available in the market of Hong Kong, parents were shown an 
information sheet containing almost all formulae to facilitate their recall (Fig. 4.3). 
For foods other than milk, the nature and amount given were recorded. Different bowl 
and spoon sizes were displayed to facilitate recall. A pail of raw rice was also displayed 
so that the mother or baby minder could indicate how much raw rice they had used for 
cooking the congee (rice porridge) or soft rice. The amount of raw or cooked meat and 
fish was recorded in terms of number of spoons or portions of bowl. Then these amounts 
of non-milk foods were converted to their corresponding weights, e.g. 1/4 cup raw rice 
= 5 0 gm, 1 tablespoon mince beef = 15 gm, 1 tablespoon mince pork = 14 gm. The 
reliability of dietary information was also checked by carrying out cooking of the foods 
in the research laboratory using the amounts generally given by parents at each age 
period. In case of doubt, or extremes of quantity, the data were cross-checked closely and 
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home visits arranged to verify the amounts. Information was suspected to be wrong only 
on a few occasions, but was later confirmed to be accurate, which illustrated the wide 
range of normal dietary intake and the reliability of the methods choosen. 
Using appropriate food tables from the United States for South East Asia (US Department 
of Health, Education & Welfare / Food & Agriculture Organisation of the United Nations, 
1972)，Beijing (Health Research Centre of Chinese Medical Institute, 1977)，the following 
daily nutrient intakes were calculated : energy per day and per kg per day, protein per day 
and per kg per day, percentage of fat contributing to the total energy, calcium, Vitamin 
C and Vitamin D and iron from fortified milk and infant foods. For the daily energy 
intake，expressed as total or per kg, the means and SDs, 90th, 50th and 10th centile 
values were analysed directly from the raw data. Lines joining these values were 
smoothed slightly by hand (Appendix I) or by Harvard Graphics and the tabulated data 
were derived from smoothed curves. The means (SDs) of protein, iron，calcium, 
Vitamins C and D intake were all obtained directly from calculation. All dietary data 
were analysed for each sex and as a whole group. 
4.9 Number of Observations 
In this thesis the anthropometric measurements were analysed for all the study infants and 
the dietary data for those who were bottle fed - with both sexes separately and combined 
(using a SAS programme for IBM personal computer). The numbers of babies analysed 
at each age period are listed in Table 4.2. 
4.10 Haematological and Biochemical Study 
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At the 18 month visit, in addition to the usual dietary and anthropometric assessment, 
parental consent was obtained for a venepucture on their infants so that the iron and 
Vitamin D status could be assessed haematologically and biochemically. Two ml venous 
blood from the dorsum of the hand was withdrawn by a 22 gauge butterfly needle - 0.5 
ml stored in a EDTA bottle for the study of haemoglobin (Hb), mean corpuscular volume 
(MCV)，red cell morphology, and 1.5 ml stored in a plain bottle for measurement of 
Ferritin and 25 OH Vitamin D concentration. These measurements were carried out by 
the workers in the Department of Haematology and Chemical Pathology, Prince of Wales 
Hospital. 
The haemoglobin was determined by the Coultercounter method, and ferritin by 
immunoradiometric assay, the coefficient of variation of measuring ferritin was 9 - 13% 
at levels ranging from 91 - 492 pmol/L (41 - 222 ng/ml). Since not all babies had blood 
taken and because of technical problems (mainly because author was not able to meet 
every infant and an occasional blood specimen clotted for haemoglobin measurement), a 
final total of 123 babies had haemoglobin performed and 128 babies had ferritin 
examined. These were interpreted as follows: a haemoglobin below 11 gm% was defined 
as anaemia, according to the international definition, a ferritin level below 7 ng/ml (1 
ng/ml = 2.22 pmol/L) was considered as iron deficient (Siimes et al, 1974; Dallman and 
Siimes，1979; Dallman et al, 1980; Jacobs, 1983). Those who were detected to have 
haemoglobin less than 11 gm% were asked to come back for a therapeutic trial of iron 
therapy in the form of Ferrinsol, 3 mg elemental iron/kg/day for three months. Then at 
the subsequent visit, haemoglobin was repeated and the haemoglobin pattern checked (with 
2 ml venous blood) to exclude thalassaemia. Any infant who had a rise of haemoglobin 
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of more than 1 gm% after the therapeutic trial of iron therapy was considered to have iron 
deficiency anaemia at 18 months. 
For the measurement of serum Vitamin D concentration, the serum was first separated and 
stored at -70�C until analysis. Then 25 hydroxy- cholecalciferol was extracted using Sep-
Pak CIO cartridge and the extract was analysed by competitive protein - binding assay 
using commercial kit (Amersham, Buckinghamshire, U.K.). The coefficient of variation 
of measuring Vitamin D was 6.9% at a concentration of 28 ug/L (28 ng/ml). A total of 
129 babies had their serum Vitamin D concentration measured. Any concentration below 
10 ng/ml was considered sub-optimal (Grindulis et al, 1986). 
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Table 4.1 Reliability test of anthropometric measurements 
Case Head circumference (cm) Weight (Kg) Length (cm) 
A B A B A B 
i 仏 0 4 3 . 0 7 . 9 4 7 . 9 4 6 7 . 5 67 55 
. 3 二 ‘ 8 . 7 3 5 8 . 7 2 7 3 . 4 7 3 . 5 5 
4 二 j ^ ® I L l 1 1 . 1 8 7 . 2 5 8 7 . 2 
5 1 1 . Vo . 旧 8 8 5 . 0 8 5 . 0 5 
� . 1 2 . 5 8 12.58 85.4 86.3 
^ ” 44.6 8.62 8.62 69.2 69.1 
I ll-l II'' 55.8 55.8 
8 - - 65.5 65.7 
Difference (A - B) Standard error of measurement 
(S mean) 
Head circumference 0.2 cm 0 035 cm 
f 立钟3 0.01 kg 0：007 kg 
Length -0.2 CI. 0.078 cm 
I.e. A single measurement of head circumference is likely to be within 
土 0.06 .cm of the true value 95% of the time (1.96 x S mean) 
Similarly, that of weight would be 土 0.01 kg and length + 0.15 cm of 
the true value 95% of the time. 一 
步 《 -
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Tables 4.2 Number of observations of anthropometric and nutrient data 
at each age period 
Number of Number of 
Age in Anthropometric data Nutrient data 
months (for whole group) (for bottle fed group) 
Girls Boys Total Girls Boys Total 
0.25 80 94 174 59 69 128 
2 78 86 164 74 76 150 
4 76 84 150 75 77 152 
6 76 82 158 75 78 153 
8 75 82 157 74 79 153 
10 75 80 155 74 78 152 
12 75 81 156 74 80 154 
15 74 80 154 73 79 152 
18 74 80 154 74 79 153 
21 69 78 147 69 77 146 
24 68 79 147 68 78 146 
55 
V ' - � ^ n n ； . ‘ ！ 
丨一豕；n ‘ � ； = 丨 ; 广 
y ^ ，巧 t ,]!! I ji ： 1 r - r • 
卢龙1 ： fl 芬丨 I: 13 T： - ^ 'I ^  “-•Lg^i^  JL 
F i g . 4 , 1 V iew o f Shat in newtown 
• - • - -- . 
u ! m 一 S
 JO
 A;二301
 r p s
 E l
 s i t e ! 」 0 」 l n u
 6 I 0 M S
 s 三 I
 A ^ n s
 ； o
 I n i s i a
 二








6 。 ’ d 一 ^

















 0 一 一
 
J








K v ^ 
N i i v H s Ni
 s山IJIl^v」A山d〇









• i , . . i • ^ i • 
I m m m s mmm 
I 愛婴继 � . 丨 兒 樂 丨心芙力6<V40 1:2 力多梯 1:1 能恩 1:1 牛爛百樂 1:1 牛襴培美 广1 
I , I I I I 
i 
觀 臓 
愛他美 1:� 安婴兄+报1:1 安婴兒 1:1 S M A 1:2 心美力+进1:2 心美力 1:2 美素力 1:1 
安 娶 W 1:丨 安力富 1:2 健兒樂 ）：2 力多精全蛋白 美素樂 1:1 愛兒妙 1:1 牛爛高蛋白 
'•‘ ( 孜 兒 康 ） 1 : 1 
& 
I 
F i g . 4 . 3 Common i n f a n t formula avai lable in Hong K o n g 
58 
CHAPTER FIVE RESULTS (1) : DEMOGRAPHY, INFANT CARE 
PRACTICES AND MORBIDITY 
5.1 Family Demographic Data 
5.1.1 Ethnicity, age, weight and height 
All parents were Chinese, 94% of them originating from Quangdong Province, and the 
remaining 6% from other parts of China or South East Asia. All parents are biological 
parents who lived with their babies except for one: this was a baby of an unmarried 
mother and who stayed with his maternal grandparents. The details of his biological 
father were not available. The fathers' mean age was 31.5 years (SD 4.2, range 19 - 43) 
and the mothers' 27.8 years (SD 4.0, range 17 -37). 
The mothers' mean weight when their babies were six months old was 50.0 Kg (SD 6.6, 
range 31.8 - 81.8) and their mean height 1.57 m (SD 0.04，range 1.42 - 1.68) both of 
which corresponded to the median of the most updated growth reference for 18 years: 
48.7 kg, 1.57 m (Lau et al, 1987). The fathers' mean weight and height as reported by 
their wives were 60.8 Kg (SD 7.5, range 45.5 - 86.4) and 1.70 m (SD 0.06, range 1.52 -
1.85) both corresponded to the 50 - 75th centile of Lau et al's reference. Therefore, the 
parental size of the sample can be considered representative of the population. Forty one 
fathers attended the clinic to be measured so that data could be checked against those 
reported by their wives. Their true heights (mean 1.65 m, SD 0.45) did not differ 
significantly from the reported heights (mean 1.66 m，SD 0.38): it can therefore be 
assumed that reported heights of all fathers were reliable (In Hong Kong each adult has 
an identity card in which height is measured and recorded by the Immigration 
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Department). 
5.1.2 Occupation and family income 
The parents were all healthy. None of the mothers smoked cigarettes nor drank alcohol. 
None of the fathers was unemployed over the study period. The father of the baby 
belonging to the single family did not have his occupation disclosed by the mother. Table 
5.1 describes the occupation status of the parents at the time of recruitment of their infants 
into the study. The classification and comparison were made in relation to the Hong Kong 
Census 1981 (Census and Statistical Department, 1981). The occupations of the fathers 
were representative of the population in Hong Kong: the majority belonged to the 
working class. 
The average monthly family income at recruitment was H.K.$ 5,390 (SD 4,557, range 
2,000 - 40,000) (1 U.S.$ = 7.8 H.K.$.) Most families had an income of H.K.$ 3,000 -
5,000. Distribution is shown in Fig. 5.1. 
5.1.3 Education 
72% of fathers and 63% mothers had received education beyond primary school (Table 
5.2). 
5.1.4 Accommodation 
55% resided in public housing (low cost housing or home ownership housing) and 45% 
in private housing, village houses, quarters or temporary housing (Table 5.3). The mean 
floor area occupied by the families was 412 sq ft (SD 246，range 60 - 2100) or 38.3 m 
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(SD 22.9, range 5.6 - 195.2) (Table 5.4, Fig. 5.2). Most families occupied a living area 
of 200 - 400 sq. ft.. By Western standards, this living space is very small. However, this 
should not be considered synonymous with poverty and underprivilage. Each family had 
a television, refrigerator, telephone, flushing toilet and clean tap water. The paucity of 
living space is mainly a reflection of severe limited space for housing in Hong Kong (like 
Tokyo!). 
5.2 Study Infants 
5.2.1 Sex, Birth Size and Birth Order 
There were 94 boys and 80 girls. All were full term born with no complications. The 
mean (SD) birth weights were 3.3 kg (0.38) for boys and 3.1 kg (0.38) for girls which 
were the same as those of the Pels data (Hamill et al, 1977). 82% of babies were either 
first or second born. 
birth order n %_ 
1st 71 41 
2nd 71 41 
3rd 28 16 
4th 2 1 
5th 2 1 
Total 174 100 
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5.2.2 Mode of delivery 
80% were bom by normal spontaneous vaginal delivery. None had any perinatal 
complication. 
mode of delivery n % 
Normal spontaneous delivery 139 80.0 
Vaccum extraction 15 8.6 
Forcep 6 3.4 
Caesarian Section 14 8.0 
Total 174 100.0 
5.3 Infant Care Arrangements and Practices 
Throughout the first two years about two thirds of the babies were taken care of by their 
own mothers : 73.5% (112), 64.8% (103)，63.5% (99) and 65.6% (97) at 2，6，12 and 
24 months respectively. The rest were looked after by paternal, maternal grandmothers, 
childminders or Philippine maids. 
Because of the tradition and possibly the small living space, babies slept close to the 
parents at night. Even at six months, 75% (128) babies were sleeping in the same room 
with the parents. Only 4.5% (7) slept alone in a separate room. The sleeping hours 
decreased gradually as the babies grew older. 
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Another cultural practice was to put babies on their back to sleep (90% before six months) 
for fear of suffocation were they to lie prone. 
In the first month, babies were not brought outside the home area, also for traditional 
reasons. At the end of the month, a celebration was held. Thereafter babies were brought 
outside the living area for increasing lengths of time mainly to coincide with their 
mothers' daily activity, such as going to market every day, taking and collecting their 
elder siblings to school. Also, they were brought to the nearby children's playground to 
play (or watch other children playing when they were still small) on the way to the market 
or to school. During the weekends, babies were brought to either grandparents' home, 
shopping centres, restaurents or public parks. At any age, the social activities were 
closely related to their feeding and sleeping pattern. While there were marked changes in 
the daily activities in the first year,there was not much change within the second year of 
life. The typical life pattern of infants in the first year can be found in Appendix 11. 
5.4 Morbidity 
To best understand the morbidity in these infants, some explanation of medical services 
available is required. In Hong Kong, infants and young children with perceived "minor 
ailments" such as fever and cough for a few hours are usually taken to see a general 
practitioner. There are usually a few such doctors in each low cost housing estate within 
easy walking distance from the home. Another option open to mothers in Shatin is to take 
them to the Accident and Emergency (A&E) Department of the Prince of Wales Hospital, 
a general hospital with 1,400 beds. In general, the threshold to take young infants to see 
general practitioners or A&E department with problems such as acute onset of high fever, 
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diarrhoea or cough is low. Likewise, and in spite of screening undertaken in the A&E 
department, many infants are admitted with very mild illness and the hospital charges are 
low (H.K. $8 per day). For the particular purpose of this thesis, two aspects of morbidity 
were considered : morbidity which did not require hospitalisation i.e. illnesses recalled 
by the mother or baby minders from information given to them by doctors who have been 
consulted, and morbidity requiring hospitalisation for which the diagnoses were recalled 
by the mothers or baby minder and where possible, checked with any available hospital 
records (Tables 5.5, 5.6). 
The following summarises these morbidity data: 
(i) Only one infant died at the age of ten months from acute appendicitis. 
(ii) Although diarrhoea was quite a common problem, especially in the first six months 
and related perhaps to the low incidence of breast feeding it was a mild illness not usually 
requiring admission to hospital. Certainly, none suffered chronic illness which could have 
interfered with the nutrition of the young infants. 
(iii) The overall pattern of illness differed little if at all from those infants and young 
children in other areas of the developed world (Boulton and Rowley, 1979). 
5.5 Physical Examination 
All babies were examined at the time of recruitment, and were confirmed to be healthy 
without any congenital or other abnormality. Further physical examination conducted at 
18 months confirmed that they have all developed normally except for two infants who 
� i 港 中 ^ ^ 學 圆 書 你 敌 書 
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had speech delay : one with nerve deafness, requiring a hearing aid and the other with a 
speech problem requiring speech therapy. 
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Table 5.1 Occupation of the parents of the study infants 
Occupation Father Mother % Population 
% (n) % (n) 1981 HK Censes 
Professional, technical 6.8 (12) 5.1 (9) 6 
and related workers 
Administrative and 4 ( 7) 1.7 ( 3) 2.7 
managerial workers 
Clerical and related 15 (26) 15.4 (27) 12.2 
workers 
Sales workers 7 (12) 3.4 (6) 10.3 
Service workers 11 (19) 6.3 (11) 15.6 
Agricultural workers 0 (0) 0 (0) 2.1 
and fisher folk 




Others and unclassified 1 (2) 1.1 (2) 0.7 
Total 100 (173) 68.5 (120) 100.0 
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Table 5.2 Education of parents of study infants 
Education Attained Father Mother 
No School 1 ( 0.6) 2 ( 1 . 2 ) 
Primary incomplete 5 ( 1.7) 4 ( 2.3) 
Primary complete 42 (24.0) 59 (33.7) 
Secondary incomplete 56 (32.0) 53 (30.3) 
Secondary complete 47 (26.9) 44 (25.1) 
Post secondary. Technical, 14 ( 8.0) 7(4.0) 
Diploma 
University 12 (6.8) 6(3.4) 
Total 175 (100 ) 175 (100) 
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Table 5.3 Accomodation of study families 
Type n % 
Low cost housing 71 40.7 
Home ownership housing 25 14.3 
Private housing 40 23.0 
Village 23 13.2 
Quarters (Fire, Police, Hospital) 10 5.7 
Temporary housing 5 2.9 
Total 174 100.0 
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Table 5.4 Floor area of housing of the study families 
Floor Area (sg. ft.) n 
< 100 4 
101 - 200 22 
201 - 300 41 
301 - 400 47 
401 - 500 31 
501 - 600 14 
601 一 700 6 
701 - 800 2 
801 - 900 0 
901 - 1000 5 • 
參 
2000 - 2100 2 
Total 174 
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Table 5.5 Morbidity in the study infants from birth to 2 
years 
a) Incidence of illness which did not require admission to hospital 
Illness Girls Boys All 
Gastroenteritis 47* 66** 113 
Pneumonia - 1 1 
Bronchitis 14 1 15 
Upper respiratory tract 10 10 20 
infection 
Eczema 5 3 8 
Chickenpox 4 6 10 
Roseola Infantum 5 5 10 
Measles 2 2 4 
Mumps 一 1 1 
.Rubella 1 _ 1 
Haematemesis 1 _ 1 
Total 99 95 194 
* 47 episodes in 37 girls : 14 girls had 2 and 1 had 3 episodes 
of gastroenteritis 
** 66 episodes in 44 boys : 13 boys had 2,…3 had 3 and 1 had 
4 episodes of gastroenteritis 
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(b) Incidence of illness which required hospitalisation 
Illness Girls Boys All 
Pneumonia 8 3 11 
Diarrhoea 5 7 12 
Hematamesis 3 3 
Febrile convulsion 1 1 2 
Roseola infantum 1 - 1 
Bronchitis, asthma - 3 3 
Whooping cough - 1 1 
Otitis media - 1 1 
Mysthenia gravis - 1 1 
Circumcision - 1 1 
Herniorhaphy - 2 2 
Acute appendicitis - 1* 1 
Total 18 20 38 
* died at 10 months 
— - 華 - - .. 
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Table 5.6 ： Morbidity of babies from birth to 6 months 
(a) Illness not requiring admission 
Diagnosis No. 
Gastroenteritis 47 





(b) Illness requiring hospital admission 
Diagnosis No. 
Lower respiratory tract infection 4 
Gastroenteritis 5 
Haematemesis 1 
Hernia (for operation) 1 
Observation for vomiting 1 
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CHAPTER SIX RESULTS (11) : AUXOLOGY 
6.1 Physical Size 
6.1.1 Weight, Length and Head Circumference 
As mentioned earlier (Section 4.5.2) the values for weight, length and head circumference 
over the first two years were normally distributed and the means were the same as the 
medians. The means, SDS and SEMS of the body weight, supine length and maximum 
occipito-frontal circumference of girls and boys from birth to 24 months are presented in 
Table 6.1, their centile values in Table 6.2. The percentile charts of weight and length 
of girls and boys are shown in Fig. 6.1. 
The mean body weights at the time of recruitment (mean 7 days, range 5 - 12 days) were 
found to be the same as those at birth. This is because over the first few days after birth, 
some babies do lose weight while others start to gain weight very soon after birth. 
As mentioned in Section 3.2.1, the growth parameters that are often used to assess health 
status of infants are weight and length and more commonly weight for age. Weight is 
easier to be measured accurately and is sensitive to even a short period of inadequate 
nutrition. That is why failure to thrive but not short stature is a common presenting 
problem in infancy. 
The mean curves of weight, supine length and head circumference of Hong Kong Chinese 
infants were compared to the 90th, 50th and 10th NCHS percentiles (Fig. 6.2). At birth, 
the mean weights (3.1 kg for girls, 3.3 kg for boys) were close to the NCHS median (3.2 
kg for girls, 3.3 kg for boys). Thereafter the Chinese infants gained weight much faster 
74 
overshooting the NCHS median in the first four months but then they gradually slowed 
down to reach a point below the median and maintained a position near the 25th centile. 
The lengths of the Chinese infants were all along slightly below the NCHS median, more 
so in boys than in girls. For the head circumference, the difference mainly occurred after 
six months and the Chinese infants were slightly smaller. At two years, the study girls 
and boys were respectively 0.6 kg and 0.8 kg lighter, 0.5 cm and 1.3 cm shorter than 
the Americans as represented by the NCHS data. The difference in weight and length 
from birth to two years can be better demonstrated using standard deviation scores, SDS, 
calculated by (mean of study infants - NCHS median) / standard deviation at that age 
(Fig. 6.3). By two years the Chinese were -0.5 to -0.6 S.D. of the NCHS median weight 
and -0.2 to -0.4 S.D. of the NCHS median length. No difference was found between the 
weights of the bottle fed and the whole group of study infants in the first four months. 
This may be due to the small number of breast fed babies. 
6.1.2 Triceps and subscapular skinfold thickness 
The means and SDs of the triceps and subscapular skinfold thicknesses are shown in Table 
6.3 and compared to other studies in Fig. 11.3. As mentioned in Section 4.7, skinfold 
thickness data is slightly skewed and is better presented as percentiles (Table 6.4 and Fig. 
6.4). There are three distinct phases for the growth of skinfold thickness from birth to 
two years. Between birth to three months, there was a rapid increase in skinfold so that 
the median runs from a point far below the 10th centile of Tanner's skinfold reference 
chart (Tanner and Whitehouse, 1975) at birth to reach the 50th centile at three months 
(Fig. 6.5). Between three to twelve months, there was progressive loss of subcutaneous 
fat so that the median once again fell to a point much below the 10th centile of Tanner's 
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reference. Between one to two years, the median skinfold ran below and parallel to the 
10th centile of Tanner's reference. In other words, Chinese infants in the first three 
months were as fat as British infants born in the 1960s from which Tanner's reference was 
derived but as they grew older Chinese infants became much thinner from later infancy 
onwards and remained so throughout the weaning period (Davies and Leung, 1989). 
6.1.3 Midarm circumference 
The means and SDs of midarm circumference from birth to two years are shown in Table 
6.5 and the mean curve is compared to the Wolanski's reference in Fig. 6.6. In the first 
six months the arms of the Chinese babies were bigger than those of Belgian babies born 
in the 1950s from which the Wolanski's reference was derived (Jelliffe, 1966) but 
thereafter the Chinese became smaller to reach about 95% of the reference. 
6.1.4 Midarm circumference/occipito-frontal circumference 
The mean MAC/HC ratios from birth to two years are provided in Table 6.6 and Fig. 
6.7. There was an increase from 0.31 at birth to a peak of 0.35 at four months, then a 
decrease to 0.32 at 15 months which remained unchanged up to 24 months. Using 
Kanawati and McLaren's criteria (1970) of < 0.28 for malnutrition, none of the babies 
were malnourished at birth. 
6.2 Growth velocity: weight velocity and length velocity 
The means (SDs) and centiles of weight and height velocities are shown in Tables 6.7 and 
6,8 and Fig. 6.8 • There was a marked fall in these velocities over the first 6 months 
especially over the earlier part and then they became relatively stable. This phenomenon 
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is associated with a marked drop in the energy requirement per unit mass during the same 
age interval (refer Section 7.2), 
Some negative values in the lower centiles of weight velocity were noted, which reflect 
weight loss in some individuals who suffered the inevitable common problems of infancy, 
like coughs and colds and this is a common phenomenon observed in daily clinical 
practices. This is physiological and is followed by catch up growth afterwards (Prader 
et al, 1963). 
6.3 Difference between Sex 
Weight, length and their velocities, head circumference and skinfold thickness are 
presented for the sexes separately. Using t test statistical differences were found in weight, 
length and head circumference but not in weight and length velocities, skinfold thickness, 
midarm circumference and MAC/HC ratio (Table 6.9). 
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Table 6 . 1 Means SDs and SEMs of we igh t (Kg) , l e n g t h (cm) and head 
c i r c u m f e r e n c e (cm) o f Ch inese： b i r t h to 2 y e a r s 
(a) G i r l s 
m n Mean S . D . S . E . M . 
0 80 WT 3 . 1 0 . 3 8 0.04 
LG 4 9 . 1 1 . 7 0 . 1 9 
HC 3 4 . 1 1 . 1 0 . 1 2 
2 78 WT 4 . 9 0 .49 0.06 
LG 5 6 . 3 1 . 6 3 0 . 1 9 
HC 3 8 . 1 1 . 0 0 . 1 1 
4 76 WT 6 . 3 0 .62 0 .07 
LG 6 1 . 5 1 . 7 2 0.20 
HC 40 .6 I . O 0 . 1 1 
6 76 WT 7 . 2 0 . 72 0 .08 
LG 6 5 . 5 1 . 7 8 0.20 
HC 4 2 . 5 1 . 1 0 . 1 3 
8 . 75 WT 7 . 8 0 . 82 0 . 1 0 
LG 68.6 1.86 0.22 
HC 43.7 1.2 0.14 
10 75 WT 8 . 3 0 .9 0 . 1 0 
LG 7 1 . 3 1 . 9 8 0 . 23 
HC 4 4 . 7 1 . 2 , 0 . 1 4 
75 WT 8 . 7 0 .96 0 . 1 1 
LG 7 4 . 0 2 .08 0 .24 
HC 4 5 . 3 1 . 2 0 . 1 4 
7 � WT 9 . 4 1 . 0 4 0 . 1 2 
LG 77.1 2 . 2 4 0 .26 
HC 46 .0 1 . 2 0 . 1 4 
… � 8 74 WT 1 0 . 1 1 . 1 0 . 1 3 
^ 8 0 . 4 2 . 4 0 .28 
HC 4 6 . 7 1 . 3 0 . 1 5 
69 WT • 1 0 . 7 1 . 1 7 0 . 1 4 
^^ 8 3 . 0 2 . 6 0 . 3 1 
HC 4 7 . 1 1 , 3 0 . 1 6 
丛 68 WT 1 1 . 3 1 . 2 0 . 1 5 
LG 86 .0 2 . 8 0 . 34 
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Table 6 . 2 The c e n t i l e v a l u e s o f weight (Kg) , l e n g t h (cm) and head 
c i r c u m f e r e n c e (cm) i n Ch ine se i n f a n t s : b i r t h to 2 y e a r s 
WEIGHT 
Age C e n t i l e s 
m 3 10 25 50 75 90 97 
G i r l s 
0 2 . 4 2 . 6 2 . 8 3 . 1 3 . 4 3 . 6 3 . 8 
2 4.0 4.3 4.6 4. 9 5.3 5.6 5.9 
“ 5 . 1 5 . 5 5 . 9 6 . 3 6 . 7 7 . 1 7 . 5 
6 5 . 8 6 . 3 6 . 7 7 . 2 7 . 7 8 . 1 8 , 6 
8 6 . 3 6 . 7 7 . 2 7 . 8 8 . 4 8 . 9 9 . 3 
10 6 . 6 7 . 1 7 . 7 8 . 3 8 . 9 9 . 5 1 0 . 0 
12 6 . 9 7 . 5 8 . 1 8 . 8 9 . 4 1 0 . 0 1 0 . 5 
1 5 7 . 4 8 . 0 8 . 7 9 . 5 1 0 . 1 1 0 . 8 1 1 . 4 
1 8 8 . 0 8 . 7 9 . 4 10 . 1 1 0 . 8 1 1 . 5 1 2 . 2 
2 1 8 . 5 9 . 2 9 .9 1 0 . 7 1 1 . 5 1 2 . 2 1 2 . 9 
9 .0 9 . 8 1 0 . 5 1 1 . 3 1 2 . 1 1 2 . 8 1 3 . 6 
Boys 
0 2 . 6 2 . 8 3 .0 3 . 3 3 . 6 3 . 8 4 .0 
2 4 . 5 4 . 8 5 . 1 5 . 5 5 . 9 6 . 2 6 . 5 
4 5 . 8 6 . 2 6 .6 7 . 0 7 . 4 7 . 8 8 . 2 
6 6 . 5 7 . 0 7 . 4 7 . 9 8 . 4 8 . 8 9 . 3 ~ 
8 6 . 9 7 . 4 7 . 9 8 . 5 9 .0 9 . 5 1 0 . 0 
10 7 . 3 7 . 8 8 . 4 8 . 9 9 . 5 10 .0 1 0 . 5 
1 2 7 . 7 8 . 3 “ 8".-8 9 . 4 9 . 9 1 0 . 5 1 1 . 0 
1 5 8 . 3 8 . 9 9 . 4 1 0 . 1 1 0 . 7 1 1 . 2 1 1 . 8 
1 8 8 . 9 9 . 4 10 .0 1 0 . 7 1 1 . 4 1 2 . 0 1 2 . 5 
2 1 9 . 3 9 . 9 1 0 . 6 1 1 . 3 1 1 . 9 1 2 . 6 1 3 . 2 
9 . 7 1 0 . 4 1 1 . 1 1 1 . 8 1 2 . 5 1 3 . 2 1 3 . 9 
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LENGTH 
“ � C e n t i l e s 
® 3 10 25 50 75 90 97 
G i r l s 
0 45.9 46.9 48.0 49.1 50,2 51.3 52.3 
2 53.2 54.2 55.2 56.3 57.4 58.4 59.4 
4 58.3 59.3 60.3 61.5 62.7 63.7 64.7 
6 62.2 63.2 64.3 65.5 66.7 67.8 68.8 
8 65.1 66.2 67.3 68.6 69.9 71.0 72.1 
10 67.6 68.8 70.0 71.3 72.6 73.8 75.0 
12 70.1 71.3 72.6 74.0 75,4 76.7 77.9 
15 72.9 74.2 75.6 77.1 78.6 80.0 81.3 
18 75.9 77.3 78.8 80.4 82.0 83.5 84.9 
21 78.1 79.7 81.2 83.0 84.8 86.3 87.9 
80.7 82.4 84.1 86.0 87.9 89.6 91.3 
Boys 
• 0 46,9 47.9 49.0 50, 1 51.2 52.3 53.3 
2 54.3 55.4 56.4 57.6 58.8 59.8 60.9 
4 59.7 60.8 62.0 63.2 64.4 65.6 66.7 
6 63.5 64.6 65.8 67. 1 68.4 69.6 70.7 
8 66.3 67.5 68.7 70.1 71.5 72.7 73.9 
10 68.6 69.9 71.2 72.6 74.0 75.3 76.6 
12 70.8 72.1 73.4 74.9 76.4 77.7 79.0 
74.0 75.4 76.7 78.3 79.9 81.2 82.6 
18 76.4 - 77.8 79.3 80.9 82.5 84.0 85.4 
21 78.8 80.4 81.9 83.6 85.3 86.8 88.4 
24 81.4 83.0 84.5 86.3 88.1 89.6 91.2 
81 
HEAD CIRCUMFERENCE 
Age - 'Gentiles 
° 3 10 25 50 75 90 97 
G i r l s 
0 32,0 32.7 33.4 34.1 34.8 35.5 36.2 
2 36.2 36.8 37.4 38.1 38.8 39.4 40.0 
� 3 8 . 7 3 9 . 3 40.0 40 .6 4 1 . 3 4 1 . 9 4 2 . 5 
6 ^0.4 41.1 41.8 42.5 43.2 43.9 44.6 
8 H 4 2 . 9 4 3 . 7 4 4 . 5 4 5 . 2 46 .0 
10 42.4 43,2 43.9 44.7 45.5 46.2 47.0 
4 3 . 0 4 3 . 8 4 4 . 5 4 5 . 3 4 6 . 1 4 6 . 8 4 7 . 6 
4 3 . 7 4 4 . 5 4 5 . 2 4 6 . 0 4 6 . 8 4 7 . 5 4 8 . 3 
4 4 . 3 4 5 . 0 4 5 . 8 4 6 . 7 4 7 . 6 ‘ 4 8 . 4 4 9 . 1 
礼 7 45.4 46.2 47.1 48.0 48.8 49.5 
4 5 . 0 4 5 . 7 4 6 . 5 47.4 4 8 . 3 49.1 4 9 . 8 
Boys 
0 3 2 . 8 3 3 . 4 3 4 . 0 3 4 . 7 3 5 . 4 36 .0 3 6 , 6 
2 37. 2 37.7 38.3 38.9 39.5 40. 1 40.6 
4 39.9 40.5 41.1 41.8 42.5 43.1 43.7 
6 4 2 . 4 4 3 . 0 4 3 . 7 4 4 . 4 45 .0 4 5 . 6 
8 ^2.9 43.6 44.3 45.0 45.7 46.4 47.1 
10 43.8 44.5 45.2 45.9 46.6 47.3 48.0 
4 4 . 4 4 5 . 1 4 5 . 8 4 6 . 5 4 7 . 2 4 7 . 9 4 8 . 6 
15 45.2 45.9 46.6 47.3 48.0 48.7 " 49.4 
18 45.8 46.5 47.2 47. 9 48.6 49.3 50.0 … 
21 46.3 47.0 47.7 48.4 49. 1 49.8 50.5 
24 . 46.6 47.3 48.0 48.7 49.4 50.1 50.8 
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Table 6.3 Means (SDs) of the triceps and subscapular 
skinfold thickness in mm 
Age, m Triceps Subscapular 
girls boys girls boys 
0.25 5.6 (1.0) 5.5 (1.0) 5.1 (0.9) 4.9 (0.9) 
2 9.4 (1.2) 9.6 (1.4) 7.6 (1.3) 7.7 (1.5) 
4 9.6 (1.4) 9.4 (1.5) 7.5 (1.4) 7.2 (1.2) 
6 8.8 (1.3) 8.5 (1.5) 7.0 (1.3) 6.7 (1.3) 
8 7.8 (1.4) 7.6 (1.5) 6.5 (1.1) 6.3 (1.3) 
10 7.1 (1.3) 7.2 (1.3) 6.1 (1.2) 5.9 (1.1) 
12 6.9 (1.3) 6.9 (1.3� 5.9 (1.1) 5.7 (0.9) 
15 5.9 (1.0) 6.8 (1.0) 5.9 (1.0) 5.7 (0.8) 
18 6.8 (1.4) 6.7 (1.2) 6.0 (1.0) 5.7 (0.8) 
21 6.5 (1.1) 6.4 (1.1) 5.5 (0.9) 5.3 (0.8) 
24 6.3 (1.1) 6.1 (1.0) 5.5 (1.0) 5.2 (0.8) 
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Table 6.4 The 90th, 50th and 10th centile values of skinfold 
thickness in mm 
Triceps 
centile 
Age Sex 90 50 10 
0.25 Girls 7.0 5.7 4.3 
Boys 7.0 5.2 4.3 
2 Girls 11.1 9.4 7.8 
Boys 11.6 9.4 7.8 
4 Girls 11.1 9.4 7.7 
Boys 11.5 9.4 7.5 
6 Girls 10.4 8.6 6.8 
Boys 1 0 . 5 8 . 4 6 . 7 
8 Girls 9.7 7.8 6.2 
Boys 9.6 7.6 6.1 
10 Girls 9.0 7.2 5.7 
Boys 8.9 7.1 5.7 
12 Girls 8.7 6.9 5.5 
Boys 8.5 6.9 5.5 
15 Girls 8.3 6.5 5.2 
Boys 8.3 6.6 5.3 
18 Girls 8.1 6.4 5.1 
Boys 8.1 6.5 5.1 
21 Girls 8.0 6.3 5.1 
Boys 8.0 6.3 5.0 
24 Girls 7.9 6.2 5.0 




Age, m Sex 90 50 10 
0.25 Girls 6.2 5.0 4.2 
Boys 6.2 4.8 3.2 
2 Girls 9.5 7.5 6.0 
Boys 9.3 7.3 6.0 
4 Girls 9.5 7.5 5.8 
Boys 9.0 7.3 5.7 
6 Girls 8.6 7.0 5.3 
Boys 8 . 3 6 . 7 5 . 2 
8 Girls 8.0 6.5 5.0 
Boys 7.8 6.1 4.8 
10 Girls 7.7 6.1 4.9 
Boys 7.4 5.8 4.7 
12 Girls 7.5 5.9 4.8 
Boys 7.2 5.6 4.5 
15 Girls 7.3 5.8 4.7 
Boys 6.9 5.5 4.5 
18 Girls 7.2 5.7 4.6 
Boys 6.8 5.5 4.5 
21 Girls 7.1 5.6 4.6 
Boys 6.6 5.4 4.4 
24 Girls 7.0 5.5 4.5 
Boys 6.5 5.3 4.3 
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Table 6.5 Means (SDs) of midarm-circumference in cm 
Age, m Girls Boys Total 
0.25 10.6 (0.7) 10.7 (0.8) 10.7 (0.8) 
2 13.1 (0.7) 13.6 (0.9) 13.4 (0.9) 
4 14.3 (0.9) 14.9 (0.9) 14.6 (0.9) 
6 14.6 (1.0) 15.2 (1.0) 14.9 (1.1) 
8 14.7 (1.0) 15.2 (1.0) 14.9 (1.0) 
10 14.6 (1.0) 15.0 (1.0) 14.8 (1.0) 
12 14.5 (1.0) 15.0 (1.0) 14.8 (1.0) 
15 14.7 (0.9) 15.1 (0.9) 14.9 (0.9) 
18 14.9 (0.9) 15.4 (0.9) 15.1 (0.9) 
21 15.2 (0.9) 15.4 (1.0) 15.3 (1.0) 
24 15.3 (1.0) 15.4 (0.9) 15.3 (1.0) 
Table 6.6 Means (SDs) of midarm-circumference/head circumference 
Age, m Girls Boys Total 
0.25 0.31 (0.02) 0.31 (0.02) 0.31 (0.02) 
2 0.34 (0.02) 0.35 (0.02) 0.35 (0.02) 
4 0.35 (0.02) 0.36 (0.02) 0.35 (0.02) 
6 0.34 (0.02) 0.35 (0.02) 0.35 (0.02) 
8 0.34 (0.02) 0.34 (0.02) 0.34 (0.02) 
10 0.33 (0.02) 0.33 (0.02) 0.33 (0.02) 
12 0.32 (0.02) 0.32 (0.02) 0.32 (0.02) 
15 0.32 (0.02) 0.32 (0.02) 0.32 (0.02) 
18 0.32 (0.02) 0.32 (0.02) 0.32 (0.02) 
21 0.32 (0.02) 0.32 (0.02) 0.32 (0.02) 
24 0.32 (0.02) 0.32 (0.02) 0.32 (0.02) 
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Table 6.7 Means (SDs) of length velocity in cm/yr and 
weight velocity in kg/yr of study infants 
Girls Boys 
Age, m mean S.D. n mean S.D. n 
1 HT VEL 47.2 6.1 78 50.5 6.6 86 
WT VEL 12.1 2.7 14.6 2.5 
3 HT VEL 31,5 5.6 76 32.6 6.0 84 
WT VEL 8.0 2.1 8.6 2.1 
5 HT VEL 23.5 5.2 76 23.0 5.5 82 
WT VEL 5.3 1.8 8.4 1.9 
7 HT VEL 18.8 4.8 75 18.3 5.0 82 
WT VEL 3.8 1.6 3.5 1.7 
9 HT VEL 16.5 4.4 75 15.4 4,5 80 
WT VEL 3.1 1.4 2.8 1.6 
11 HT VEL 15.0 4.1 75 14.0 4.2 81 
WT VEL 2.8 1.3 2.6 1.5 
13,5 HT VEL 13.6 3.7 74 12.3 3.9 80 
WT VEL 2.6 1.3 2.5 1.5 
16.5 HT VEL 12.0 3.4 74 11.0 3.6 80 
WT VEL 2.5 1.2 2.5 1.5 
19.5 HT VEL 11.2 3.2 69 10.7 3.4 78 
WT VEL 2.5 1.2 2.5 1.5 
22.5 HT VEL 11.0 3.1 68 10.5 3.3 79 
WT VEL 2.5 1.2 2.5 1.6 
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Table 6 . 8 The c e n t i l e v a l u e s of weight v e l o c i t y (both K g / y r and 
gm/day)， h e i g h t v e l o c i t y (cm/yr) o f Hong Kong Ch ine se 
i n f a n t s : b i r t h to 2 y e a r s 
WEIGHT VELOCITY (Kg per y e a r ) . 
� G e n t i l e s 
m 3 10 25 50 75 90 97 
G i r l s 
1 . 0 7 . 0 8 . 6 1 0 . 3 1 2 . 1 1 3 . 9 1 5 . 6 1 7 . 2 
3 . 0 4 . 1 5 . 3 6 .6 8 . 0 9 . 4 1 0 . 7 1 1 . 9 
二 0 1.9 .3.0 4.1 5.3 6.5 7.6 8.7 
7 .0 0 . 8 1 . 7 2 . 7 3 . 8 4 . 9 5 . 9 6 . 8 
9 .0 0 . 5 1 . 3 2 . 2 3 . 1 4 .0 4 . 9 5,7 
n - 0 0 .3 1 . 1 1 . 9 2 . 8 3 . 7 4 . 5 5 . 3 
0 .2 1 . 0 1 . 7 2 . 6 3 . 5 4 . 2 5 . 0 
此 5 0.2 1.0 1.7 2.5 3.3 4.0 4.8 
1 9 . 5 0 . 3 1 . 0 1 . 7 2 . 5 3 . 3 4 .0 4 . 7 
22.5 0.2 1.0 1.7 2.5 3.3 4.0 4.8 
Boys 
1 * 0 9 . 9 1 1 . 4 1 2 . 9 1 4 . 6 1 6 . 3 1 7 . 8 1 9 . 3 
3-0 5 . 9 7 . 2 8 . 6 1 0 . 0 1 1 . 3 1 2 . 6 
5 . 0 1 . 8 3 .0 4 . 1 5 . 4 6 . 7 7 . 8 9 .0 
7 . 0 0 . 3 1 . 3 2 . 4 3 . 5 4 . 6 5 . 7 6 . 7 
9 .0 - 0 . 1 0 . 8 1 . 8 2 . 8 3 . 8 4 . 8 5 . 7 
U . O - 0 . 1 0 . 7 1 . 6 2 . 6 3 . 6 4 . 5 5 . 3 
1 3 . 5 - 0 . 2 0.6 1 . 5 - - 2 . 5 3.5- - 4 . 4 5 . 2 
1 6 . 5 - 0 . 2 0.6 1 . 5 2 . 5 3 . 5 4 . 4 5 . 2 
1 9 - 5 - 0 . 3 0.6 - 1 . 5 , 2 . 5 3 . 5 4 . 4 5 . 3 
2 2 . 5 - 0 . 5 0 .5 1 . 4 2 . 5 3 . 5 4 . 4 5 . 4 
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WEIGHT VELOCITY (gm per day) 
Age C e n t i l e s 
m 3 10 25 50 75 90 97 
G i r l s 
1 -0 1 9 . 2 2 3 . 7 2 8 . 2 3 3 , 2 3 8 . 1 4 2 . 6 4 7 . 1 
3 .0 1 1 . 3 1 4 . 6 1 8 . 1 2 1 . 9 2 5 . 7 2 9 . 2 ‘ 3 2 . 6 
5 .0 5 . 1 8 . 1 1 1 . 2 1 4 . 5 1 7 . 9 20 .9 2 3 . 9 
7 .0 2 . 2 4 . 8 7 . 5 1 0 . 4 1 3 . 4 1 6 . 0 1 8 . 7 
9 .0 1 . 3 3 . 6 5 . 9 8 . 5 1 1 . 1 1 3 . 4 1 5 . 7 
n . O 0 .9 3 . 0 5 . 2 7 . 7 1 0 . 1 1 2 . 3 1 4 . 5 
13.5 0.5 2.6 4.8 7.1 9.5 1 1 . 6 13.7 
1 6 . 5 0 . 7 2 . 6 4 . 6 6 . 8 9. 1 1 1 . 1 1 3 . 0 
1 9 . 5 0 . 8 1.1 4 . 7 6 . 8 9 .0 1 1 . 0 1 2 . 9 
2 2 . 5 0 . 7 2 . 6 4 . 6 6 . 8 9 . 1 1 1 . 1 1 3 . 0 
Boys 
1 . 0 2 7 . 1 3 1 . 2 3 5 . 4 40.0 4 4 . 6 4 8 . 8 5 2 . 9 
3 . 0 1 2 . 7 1 6 . 2 1 9 . 7 23 .6 2 7 . 4 30 .9 3 4 . 4 
5 . 0 5 . 0 8 . 1 1 1 . 3 1 4 . 8 1 8 . 3 2 1 . 5 2 4 . 6 
7 .0 0 . 8 3 . 6 6 . 4 9 .6 1 2 . 7 1 5 . 6 1 8 . 3 
9 .0 - 0 . 3 2 . 2 4 . 8 7 . 7 1 0 . 5 1 3 , 1 1 5 . 7 
1 1 . 0 - 0 . 3 2 .0 4 . 4 7 . 1 9 . 8 1 2 . 2 1 4 . 6 
1 3 . 5 - 0 . 6 1 . 8 4 . 2 6 . 8 9 . 5 1 1 . 9 1 4 . 3 
1 6 . 5 - 0 . 6 1 . 8 4 . 2 6 . 8 9 . 5 1 1 . 9 1 4 . 3 
1 9 . 5 - 0 . 9 1 . 6 4 . 1 6 . 8 9 . 6 1 2 . 1 1 4 . 6 
-— 2 2 . 5 - 1 . 3 ‘ 1 . 3 3 . 8 6 . 7 9 . 6 1 2 . 2 1 4 . 7 
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HEIGHT VELOCITY (cm per yea r ) 
Age G e n t i l e s 
m 3 10 25 50 75 90 97 
G i r l s 
1 -0 3 5 . 7 3 9 . 4 4 3 . 1 4 7 . 2 5 1 . 3 55 .0 5 8 . 7 
3 . 0 2 1 . 0 2 4 . 3 2 7 . 7 3 1 . 5 3 5 . 3 3 8 . 7 42 .0 
5 .0 1 3 . 7 1 6 . 8 20.0 2 3 . 5 27 .0 30 .2 3 3 . 3 
7 . 0 9 . 8 1 2 . 6 1 5 . 6 1 8 . 8 22 .0 25 .0 2 7 . 8 
9 .0 8 . 2 1 0 . 9 1 3 . 5 1 6 . 5 1 9 . 5 2 2 . 1 2 4 . 8 
n . O 7 . 4 9 . 8 1 2 . 3 1 5 . 0 1 7 . 7 20.2 2 2 . 6 
1 3 . 5 6 . 6 8 . 9 1 1 . 1 1 3 . 6 1 6 . 1 1 8 . 3 20 .6 
16.5 5.7 7.7 9.7 12.0 14.3 16.3 18.3 
1 9 . 5 5 , 2 7 . 1 9 .0 1 1 . 2 1 3 . 4 1 5 . 3 1 7 . 2 
2 2 . 5 5 . 2 7 . 0 8 . 9 1 1 . 0 1 3 . 1 1 5 . 0 1 6 . 8 
Boys 
1 . 0 3 8 . 1 42 .0 46 .0 50 .5 55 .0 59 .0 6 2 . 9 
3 .0 2 1 . 3 2 4 . 9 2 8 . 6 3 2 . 6 3 6 . 7 40.3 4 3 . 9 
5 .0 1 2 . 7 1 5 . 9 1 9 . 3 23 .0 2 6 . 7 3 0 . 1 3 3 . 3 
7 .0 8 . 9 1 1 . 9 1 4 . 9 1 8 . 3 2 1 . 7 2 4 . 7 2 7 . 7 
9 .0 6 . 9 9 . 6 1 2 . 4 1 5 . 4 1 8 . 4 2 1 . 2 2 3 , 9 
1 1 . 0 6. 1 8 . 6 1 1 . 2 1 4 . 0 1 6 . 8 1 9 . 4 2 1 . 9 
1 3 , 5 5 . 0 7 . 3 9 . 7 1 2 . 3 1 4 . 9 1 7 . 3 1 9 . 6 
1 6 . 5 4 . 2 6 . 4 8 . 6 1 1 . 0 1 3 . 4 1 5 . 6 1 7 . 8 
1 9 . 5 4 . 3 6 . 3 8 . 4 1 0 . 7 1 3 . 0 1 5 . 1 1 7 . 1 
2 2 . 5 4 . 3 6 . 3 8 . 3 1 0 . 5 1 2 . 7 1 4 . 7 1 6 . 7 — 
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Table 6.9 Sex differences in auxological findings 
Age in months 
Parameter 0.25 2 4 6 8 10 12 15 18 21 24 
Weight * * * * * * * * * * * * * * * ns 
Length ** ** * * * * * * * * * ns ns ns 
Head * * * * *• * * * * * * * * * * * * * * * * 
circumference 
Weight velocity ns ** ns ns ns ns ns ns ns ns ns 
Height velocity ns * ns ns ns * ns ns * ns ns 
Midarm ns * * * * * * * * * * ns ns 
circumference 
MAC/HC ns * ns ns ns ns ns ns ns ns ns 
Triceps ns ns ns ns ns ns ns ns ns ns ns 
Skinfold 
Subscapular ns ns ns ns ns ns ns ns ns ns ns 
Skinfold 
* boys greater than girls p < 0.01 
• ** boys greater than girls p < 0.001 
ns not significant 
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CHAPTER SEVEN RESULTS (HI) : NUTRIENT INTAKE 
7.1 Dietary Practice 
7.1.1 Early (preweaning period) : birth - 6 months 
The babies were all born either in the Maternal Child Health Centres (MCH) with a 
maternity unit or in hospitals. Only 30% of mothers chose to nurse their babies at birth. 
The remainder opted to bottle feed. 
The type of milk formula was determined wholly by the rotation policy adopted by each 
individual institute where different brands of infant formula were supplied free to newborn 
babies. Most babies were continued on the same brand of formula after discharge, other 
than some whose mothers found that they had more experience or confidence in other 
formulae. The way to reconstitute these powdered milk formulae was taught to mothers 
during antenatal classes and reinforced in hospital and subsequent routine visits to the 
MCH clinics. 
The infants received formulae manufactured by one of the following seven milk 
companies: Nestle, Cow and Gate, Wyeth, Abott, Mead Johnson, Edward Keller and 
Milupa. This wide range of availability of infant formula reflects the free market policy 
of Hong Kong. All the infant formula provides 670 Kcal per litre when reconstituted in 
the recommended way. 
Full strength formulae were given except occasionally when babies were passing hard 
stool or were constipated then a slightly diluted formula would be given for a few days. 
All mothers denied giving overconcentrated milk to their babies. Some mothers offered 
100 
a few ounces of water some time between milk feeds. Barley water, rice water, glucose 
water were also occasionally given to babies on the traditional belief that these might 
relieve constipation. 
The number of feeds and volume of full strength milk given in the first 6 months are 
shown in Tables 7.1 and 7.2 respectively. 85% of babies were fed 7 or more times per 
day in the first week, all had 5 or more feeds per day at 2 months, 80% had 5 or more 
at 4 months and 16% had 4 or more times at 6 months. 
Very few mothers continued to breast feed. The incidence dropped from 30% at birth to 
2% at 6 months (Table 7.3). This is very low compared to other countries (Martinez et 
al, 1981; Myeres, 1979; Ho, 1981). Considering nursing babies as inconvenient, 
considering her health was not fit for nursing or anticipating going back to work soon 
were the common reasons given by 122 mothers for either not breast feeding from the 
onset or for terminating very early (Table 7.4). These reasons were similar to those 
reported by Wong (1984) who has also noticed a low incidence of breast feeding in Hong 
Kong. 
7.1.2 Late (weaning period) : 6 - 24 months 
The progressive adaptation to a diet other than one solely of milk began between four and 
six months with the introduction of non-milk foods, in the form of semi-solids: either 
ready-made fortified cereals or diluted congee - i.e. a porridge cooked with a small 
amount of raw rice and plenty of water. These were initially given in small amounts 
using a spoon - cereals were usually served with milk whereas congee was served with a 
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small amount of fish or meat . 
By eight to ten months, most babies were receiving one main meal of soft rice cooked 
with fish or meat and vegetable. The fish was usually steamed with a minimal amount 
of salt, vegetable oil and soy sauce, and the bone was then removed. The flesh of the fish 
was mashed with chopsticks or spoon and mixed with the congee. 
The meat (usually pork or beef) was usually minced by machine or chopped manually then 
mixed with a small amount of salt, sugar, soy sauce and vegetable oil, added to the nearly 
cooked congee or soft rice. Vegetable was usually chopped into small pieces and cooked 
separately by boiling and then added to the soft rice before feeding. As the baby became 
older the amount of raw rice and meat used in cooking was increased gradually. By 
eighteen months or so, the infant was taking an adult rice with table foods. The percentage 
of energy from non milk solids in the diet increased from 15% at 6 months to 64% at 18 
months and at 2 years it remained at around 65% (Table 7.5, Fig. 7.1). Fortified formula 
continued to be given throughout the weaning period and the low solute infant formula 
gradually changed over to high solute follow-up (or full protein) formula. 
Age, m 8 12 18 24 
% on full protein formula 21 54 93 96 
Fruits were usually introduced initially in the form of fruit juice from 2 - 4 months 
onwards and then whole fruit like scraped apple, mashed banana, whole grape, etc. after 
six months. Supplementary vitamins and minerals were not commonly given. 
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7.2 Specific Nutrient Intakes 
7.2.1 Energy 
The mean (SD) values of energy intake (total and per kg) from milk and non-milk foods 
for the bottle fed babies are shown in Table 7.6, and centile values are shown in Table 
7.7. 
The total energy intake in boys exceeded that in girls over the first 15 months (Fig. 7.2). 
The difference was statistically significant between two to six months. This difference was 
not significant when the energy intake was corrected for body weight. 
From birth to two months, there was a rapid increase in total energy consumption. 
Between two to four months, the mean consumption of the group remained stable but rose 
again after six months. When reaching 15 months the energy intake once more became 
stable. When expressed per kg, there was a significant fall (p < 0.005) in the daily 
energy intake in the first six months from 121 to 85 Kcal/kg/day followed by a significant 
rise (p < 0.005) to reach a peak of 103 Kcal/kg at 15 months. Then there was a slight 
fall to 91 Kcal/kg by 24 months (Fig. 7.3). This change in energy intake with age over 
the first year is similar to the observations by Whitehead et al. These observations 
challenged the long held view that energy requirement is constant over this period 
(Whitehead et al, 1981; Whitehead, 1985; Leung et al, 1988b). These intakes were 
comparable but slightly less than the FAO/WHO/UNU (1985) recommendations which 
were set 5% above the average observed intakes in Caucasian populations. At 2 years the 
energy intake of the study infants was lower than that reported by Whitehead, the latter 
data were derived from very few pooled values making comparison difficult. 
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Although most literature on energy intake refers to mean values possibly because it is 
easier to compare between different populations, the slight skewness should make centile 
values more appropriate. Moreover, the wide variability of energy intake at any age 
group reflects a wide range of normality in energy requirement, due to individual 
variation in growth velocity, metabolic rate and activity. 
7.2.2 Protein 
The mean protein intake decreased from 3 gm/kg/day at birth to 2 gm/kg/day at six 
months, then increased to a peak of 5 gm/kg/day by 15 months. These intakes throughout 
the two year period were high compared to the FAO/WHO recommendation: 2.25 at birth 
to 1.26 at 15 months (Table 7.8; Fig.7.5). 
7.2.3 Fat 
The percentage of fat contributing to the total energy consumption fell from 50% at birth 
to around 30% at 10 months and remained at this level until the end of two years (Table 
7.9, Fig. 7.6), which is similar to findings in Canadian infants (Yeung, 1983). This 30% 
of fat consumed by two year old infants is the same as that recommended by the WHO 
for adults and children over 5 years for reduction of the risk factors for coronory heart 
disease (WHO, 1982). 
7.2.4 Iron，Vitamin C, Calcium and Vitamin D 
The daily intake of some other specific nutrients are listed in Table 7.10. The mean 
intakes of iron ( 7 - 9 mg) during the weaning period were marginally less than the 
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recommended requirement of 1 mg/kg/day or 10 mg. The mean Vitamin C intake (30 -
70) mg was generally higher than the 35 mg recommended. Mean calcium intakes (440 -
770) mg were generally higher than the recommended value of 500 mg but Vitamin D 
(180 - 320) was much lower than the recommended value of 400 iu. 
7.2.5 Sex differences in nutrient intake 
There were no consistent sex differences in any of the above mentioned nutrient intakes 
apart from total energy and Vitamin D intake for the first six months (Table 7.11). 
Table 7.1 N u m b e r (%) of b a b i e s g i v e n v a r i o u s n u m b e r of f e e d s p e r 1 0 5 
d a y o v e r t h e f i r s t six m o n t h s 
N o . of 0 . 2 5 m 2 m 4 m 6 m 
F e e d s n % n % n % n % 
2 - _ 7 ( 4 . 6 ) 
3 - - 6 ( 3 . 9 ) 30 ( 1 9 . 6 ) 
4 25 ( 1 6 . 5 ) 46 ( 3 0 . 1 ) 
5 2 ( 1 . 6 ) 58 (38.6) 90 ( 5 9 . 2 ) 60 ( 3 9 . 2 ) 
6 17 (13.3) 50 (33.3) 24 ( 1 5 . 8 ) 8 ( 5 . 2 ) 
7 42 (32.8) 3 1 (20.6) 4 ( 2 . 6 ) 2 ( 1 . 3 ) 
8 66 (51.6) 10 ( 6.7) 8 ( 2 . 0 ) -
9 1 ( 0 . 8 ) 1 ( 0.7 - -
Table 7 . 2 V o l u m e of m i l k c o n s u m e d b y b o t t l e f e d i n f a n t s : b i r t h 
t o s i x m o n t h s 
m n m e a n SD r a n g e 
0 . 2 5 128 5 8 1 143 252 - 9 6 0 
2 1 5 1 8 4 6 164 540 - 1 3 5 0 
4 1 5 1 849 182 2 4 0 一 1 4 7 0 
6 154 810 220 180 - 1266 
Table 7 . 3 N u m b e r (%) of b a b i e s b o t t l e or b r e a s t fed : b i r t h 
t o six m o n t h s 
a g e , m 
0.25 2 4 6 
T o t a l N o . 174 165 160 158 
N o . o f b o t t l e f e d b a b i e s 128 151 151 154 
(74%) (92%) (96%) (98%) 
N o . of b r e a s t fed b a b i e s 46 14 6 4 
(26%) (8%) (4%) (2%) 
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T a b l e 7 . 4 R e a s o n s g i v e n b y m o t h e r s for not w i s h i n g t o b r e a s t f e e d 
o r s t o p p i n g a f t e r s o m e d a y s 
E x p l a n a t i o n % n 
(a) I n c o n v e n i e n c e . (27) 33 
(b) Mother‘s h e a l t h s t a t u s n o t s u i t a b l e for (15) 18 
b r e a s t f e e d , 
(c) M o t h e r w i l l g o b a c k t o w o r k . (16) 19 
(d) O l d e r c h i l d u s e d f o r m u l a . (7) 9 
(e) I n s u f f i c i e n t m i l k p r o d u c t i o n . (7) 9 
(f) B a b y d i d n o t s u c k b r e a s t . (7) 9 
(g) M o t h e r d o e s n o t l i k e o r / w a n t t o b r e a s t f e e d . (4) 5 
(h) " D o n ' t k n o w " . (4) 5 
(i) F e a r of i n s u f f i c i e n t m i l k p r o d u c t i o n & (3) 4 
a n t i c i p a t e d l a t e r d i f f i c u l t i e s in w e a n i n g 
o f f b r e a s t , 
(j) S t a r t o f f o n f o r m u l a in h o s p i t a l . (3) 4 
(k) E m b a r r a s s m e n t . (2) 2 
(1) T r i e d b r e a s t f e e d f o r 1 d a y b u t d o c t o r (1) 1 
c o m m e n t e d t h a t m o t h e r d i d n o t k n o w h o w t o 
b r e a s t f e e d a n d a d v i s e d t o c h a n g e to b o t t l e 
f e e d i n g . 
(m) Mother‘s n i p p l e s c o n s i d e r e d t o o s h o r t . (1) 1 
(n) F a t h e r o b j e c t e d . (1) 1 
(o) M o t h e r w o u l d l i k e t o b r e a s t f e e d , b u t d i d (1) 1 
n o t t a k e a n y a c t i v e a c t i o n t o do s o . 
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Table 7.5 P e r c e n t a g e of e n e r g y c o n t r i b u t e d b y m i l k a n d 
n o n - m i l k o v e r t h e first t w o y e a r s 
% of d a i l y e n e r g y f r o m 
Age' m milk non-milk 
\ 100 0 
85 15 
47 53 
J： 36 6 : 
35 65 
Table 7 . 6 M e a n s (SDs) of d a i l y e n e r g y i n t a k e 108 
(a) T o t a l in K c a l 
A g e T o t a l e n e r g y , K c a l / d a y 
m G i r l s B o y s A l l 
3 8 0 { 75) 3 9 0 (110) 3 8 6 ( 9 5 ) 
\ 539 (100) 5 9 1 M 1 1 5 ) 5 6 6 (111) 
\ 552 (117) 6 0 8 * ( 1 0 8 ) 5 8 0 (116) 
t 599 (133) 6 7 0 * ( 1 5 2 ) 6 4 0 (148 
® 689 (140) 737 (168) 7 1 4 (157 
〒？ 758 (150) 8 1 0 (190) 7 8 5 (173 
” 866 (221) 9 1 0 (201) 8 8 8 (211) 
9 8 3 (250) 9 9 7 (217) 9 9 0 (233) 
1 0 2 1 (317) 1 0 1 0 (218) 1 0 1 3 (270) 
2 1 1 0 4 3 (306) 1 0 2 1 (235) 1 0 3 1 (270) 
1 0 4 5 (322) 1 0 3 3 (288) 1 0 3 8 (303) 
(b) P e r u n i t m a s s in K c a l / k g 
A g e E n e r g y p e r u n i t m a s s , K c a l / K g / d a y 
F A O / W H O / U N U 
m G i r l s B o y s A l l 1 9 8 5 
0 . 2 5 123 (25) 120 (30) 1 2 1 (28) 1 2 4 
2 1 1 0 (21) 109 (19) 107 (20) 1 1 0 
4 . 88 (18) 88 (16) 89 (17) 98 
6 84 (17) 87 (19) 85 (18) 92 
8 89 (19) 88 (21) 88 (16) 9 0 
10 92 (20) 81 (21) 93 (21) 92 
12 100 (25) 98 (24) 98 (24) 99 
15 1 0 6 (28) 100 (23) 103 (25) 1 0 6 
- I S 102 (34) 95 (22) 99 (27) 1 0 6 
2 1 98 (30) 92 (22) 95 (27) 1 0 6 
2 4 93 (29) 88 (24) 9 1 (27) 1 0 6 
* p < 0 . 0 5 
1 K c a l = 4 . 1 8 K J 
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Table 7.7 9 0 t h , 5 0 t h and 10th c e n t i l e v a l u e s for d a i l y 
e n e r g y f r o m b i r t h t o t w o y e a r s 
(a) T o t a l d a i l y e n e r g y in K c a l 
C e n t i l e in K c a l / d a y 
A g e 90 50 10 
m G i r l s B o y s G i r l s B o y s G i r l s B o y s 
0 . 2 5 482 533 392 392 2 8 1 2 4 3 
2 663 724 523 603 402 459 
4 7 1 0 730 543 603 419 4 8 0 
6 754 8 4 0 590 652 462 492 
8 8 5 0 9 5 1 670 7 3 1 510 525 
10 9 7 0 1 0 8 9 749 809 5 9 1 567 
12 1 1 5 6 1 2 1 0 815 907 652 6 4 0 
15 1 3 2 4 1282 913 997 7 2 1 705 
18 1429 1 3 3 0 960 1 0 0 0 747 7 3 0 
2 1 1 5 2 0 1 3 5 0 980 1 0 0 0 730 740 
24 1 5 3 1 1 3 7 0 970 9 9 1 720 7 0 0 
(b) D a i l y e n e r g y p e r u n i t m a s s in K c a l / k g 
A g e n C e n t i l e in K c a l / k g / d a y 
90 50 10 
m G i r l s B o y s G i r l s Boys G i r l s B o y s G i r l s B o y s 
0 . 2 5 59 69 160 160 1 2 1 118 87 78 
2 74 76 139 134 107 106 85 83 
4 75 77 112 115 60 87 68 70 
6 75 78 103 110 83 83 64 65 
8 74 79 111 114 87 87 66 64 
10 74 78 123 121 90 92 70 65 
12 74 80 134 127 93 97 75 “ 70 
15 73 79 140 130 98 100 75 72 
18 74 79 138 127 96 96 70 68 
2 1 69 77 130 124 93 90 68 . 63 
24 68 78 126 122 88 83 67 61 
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T a b l e 7 . 8 M e a n s (SDs) of d a i l y p r o t e i n i n t a k e f r o m b i r t h t o 
t w o y e a r s 
(a) S e x s e p a r a t e 
A g e T o t a l p r o t e i n i n t a k e P r o t e i n / u n i t m a s s 
g m / d a y g m / K g / d a y 
m M e a n (S.D.) M e a n ( S . D . ) 
G i r l s 
0 . 2 5 9 . 3 { 2 . 5 ) 3 . 0 (0.8) 
2 1 2 . 7 ( 3 . 0 ) 2 . 6 (0.6) 
4 1 3 . 0 ( 3 . 6 ) 2 . 1 (0.5) 
6 16.0 ( 6.1) 2.2 (0.8) 
8 2 5 . 2 (10.3) 3.3 (1.3) 
10 3 3 . 6 (13.4) 4 . 1 (1.8) 
12 4 1 . 1 (16.2) 4 . 8 (1.9) 
15 4 7 . 4 (15.8〉 5 . 1 (1.8) 
18 5 1 . 2 (17.8) 5 . 1 (1.9) 
2 1 4 9 . 5 (16.2) 4.7 (1.6) 
24 4 9 . 0 (15.8) 4.4 (1.4) 
B o y s 
0 . 2 5 9.3 ( 2 . 7 ) 2.9 (0,8) 
2 1 3 . 8 ( 2.7) 2.5 (0.5) 
4 14.5 { 2.8) 2 . 1 (0.4) 
6 18.2 ( 7.2) 2.3 (1.0) 
8 2 8 . 3 (10.9) 3.4 (1.3) 
10 3 4 . 8 (11.1) 3.9 ( 1 . 3 ) 
12 4 2 . 9 (15.5) 4 . 6 (1.8) 
15 48.2 (13.3) 4.8 (1.4) 
18 4 8 . 7 (14.0) 4 . 6 (1.4) 
2 1 4 9 . 9 (14.6) 4.5 (1.4) 
24 49.2 (17.7) 4.2 (1.5) 
I l l 
(b) W h o l e g r o u p c o m p a r e d t o R D A in m g / k g / d a y 
A g e P r o t e i n i n t a k e F A O / W H O / U N U 1 9 8 5 
m M e a n (SD) r e c o m m e n d a t i o n 
0 . 2 5 2.9 (0.8) 2 . 2 5 
2 2 . 6 (0.5) 1.82 
4 2 . 1 (0.5) 1.8 
6 2.3 (0.9) 1 . 6 5 
8 3.3 (1.3) 1 . 6 5 
10 4 . 0 (1.5) 1 . 4 8 
12 4.7 (1.9) 1 . 4 8 
15 5.0 (1.6) 1 . 2 6 
18 4.9 (1.7) 1 . 2 6 
2 1 4.6 (1.5) 1 . 1 3 
24 4.3 (1.5) 1 . 1 3 
Table 7.9 M e a n s ( S D s ) of p e r c e n t a g e s of t o t a l d a i l y e n e r g y i n t a k e 1 1 2 
c o n t r i b u t e d b y c a r b o h y d r a t e ( C H O ) , a n d p r o t e i n (P) a n d 
f a t (F) o v e r t h e f i r s t 2 y e a r s 
A g e , m N u t r i e n t s G i r l s B o y s T o t a l 
0 . 2 5 C H O 4 2 . 5 (1.0) 4 2 . 5 ( 1 . 1 ) 4 2 . 5 ( 1 . 0 ) 
P 9 . 8 (1.7) 9.7 ( 1 . 5 ) 9 . 7 ( 1 . 6 ) 
F 4 7 . 7 (2.3) 4 8 . 0 ( 2 . 4 ) 4 7 . 9 ( 2 . 3 ) 
2 C H O 4 2 . 6 (1.2) 4 2 . 6 ( 1 . 1 ) 4 2 . 6 ( 1 . 2 ) 
P 9 . 4 (1.3) 9 . 4 ( 1 . 2 ) 9 . 4 ( 1 . 2 ) 
F 4 8 . 2 (2.0) 4 8 . 3 ( 1 . 8 ) 4 8 . 2 ( 1 . 9 ) 
4 C H O 4 3 . 0 (2.1) 4 2 . 9 ( 1 . 6 ) 4 2 . 9 ( 1 . 8 ) 
P 9 . 4 (1.2) 9 . 6 ( 1 . 3 ) 9 . 5 ( 1 . 2 ) 
F 4 7 . 4 (3.0) 4 7 . 8 ( 2 . 2 ) 4 7 . 6 ( 2 . 6 ) 
6 C H O 4 5 . 8 (5.0) 4 6 . 8 ( 4 . 3 ) 4 6 . 3 ( 4 . 6 ) 
P 1 0 . 6 (3.1) 1 0 . 6 ( 2 . 7 ) 1 0 . 6 ( 2 . 9 ) 
F 4 2 . 8 (6.7) 4 2 . 3 ( 5 . 8 ) 4 2 . 6 ( 6 . 3 ) 
8 C H O 4 9 . 9 (6.2) 5 0 . 0 ( 6 . 1 ) 4 9 . 9 ( 6 . 1 ) 
P 1 4 . 4 (4.1) 1 5 . 3 ( 4 . 4 ) 1 4 . 9 ( 4 . 3 ) 
F 3 4 . 6 (7.2) 3 4 . 3 ( 6 . 5 ) 3 4 . 4 ( 6 . 8 ) 
1 0 C H O 5 0 . 2 (7.7) 5 1 . 1 ( 6 . 7 ) 5 0 . 7 ( 7 . 2 ) 
P 1 7 . 5 (4.9) 1 7 . 4 ( 4 . 5 ) 1 7 . 4 ( 4 . 6 ) 
F 3 0 . 8 (6.7) 3 0 . 4 ( 6 . 4 ) 3 0 . 6 ( 6 . 5 ) 
12 C H O 5 1 . 3 (7.1) 5 0 . 4 ( 7 . 3 ) 5 0 . 9 ( 7 . 2 ) 
P 1 8 . 7 (4.2) 18.7 ( 4 . 2 ) 1 8 . 7 ( 4 . 2 ) 
F 2 8 . 8 (6.6) 2 9 . 9 ( 6 . 8 ) 2 9 . 4 ( 6 . 7 ) 
15 C H O 5 1 . 6 (7.7) 5 2 . 9 ( 7 . 8 ) 5 2 . 2 ( 7 . 7 ) 
P 1 9 . 2 (3.5) 1 9 . 2 ( 2 . 8 ) 1 9 . 2 ( 3 . 1 ) 
F 2 8 . 1 (6.0) 2 7 . 2 ( 6 . 5 ) 2 7 . 7 ( 6 . 2 ) 
1 8 C H O 5 0 . 7 (7.3) 5 2 . 1 ( 7 . 6 ) 5 1 . 4 ( 7 . 5 ) 
P 1 9 . 9 (3.6) 1 9 . 3 ( 3 . 1 ) 1 9 . 6 ( 3 . 4 ) 
F 2 8 . 3 (5.7) 2 8 . 0 ( 6 . 1 ) 2 8 . 1 ( 5 . 9 ) 
2 1 C H O 5 1 . 8 (8.1) 5 1 . 4 ( 7 . 7 ) 5 1 . 6 ( 7 . 9 ) 
P 1 9 . 0 (3.3) 1 9 . 5 ( 3 . 1 ) 1 9 . 3 ( 3 . 2 ) 
F 2 8 . 9 (6.7) 2 8 . 4 ( 5 . 8 ) 2 8 . 6 (6.2) 
2 4 C H O 5 0 . 8 (7.5) 5 1 . 8 ( 1 0 . 1 ) 5 1 . 3 (9.0) 
P 1 8 . 8 (3.2) 1 8 . 8 ( 3 . 3 ) -18.8 (3.3) 
F 2 9 . 7 (7.1) 2 9 . 4 ( 7 . 6 ) 2 9 . 5 (7.4) 
T a b l e 7 . 1 0 M e a n s . ( S D s ) of d a i l y i n t a k e of (a) i r o n a n d 1 1 3 
v i t a m i n C (b) c a l c i u m a n d v i t a m i n D i n t a k e 
o v e r t h e f i r s t t w o y e a r s 
(a) I r o n a n d V i t a m i n C 
A g e F e , m g V i t . C , m g 
m M e a n (S.D.) M e a n ( S . D . ) 
G i r l s 
0 . 2 5 4 . 0 (2.8) 3 2 . 3 ( 6 . 4 ) 
2 6.2 (4.4) 4 6 . 1 ( 9 . 7 ) 
4 6 . 0 (4.4) 4 9 . 4 ( 1 6 . 1 ) 
6 7 . 0 (5.1) 5 3 . 0 ( 2 3 . 3 ) 
8 7 . 4 (4.1) 5 0 . 7 ( 2 2 . 7 ) 
1 0 8 . 1 (3.4) 5 3 . 7 ( 2 3 . 9 ) 
12 8 . 7 (3.1) 6 1 . 7 ( 2 4 . 2 ) 
8 . 5 (3.7) 6 2 . 4 ( 2 9 . 4〉 
8 . 4 (3.1) 5 6 . 3 ( 3 1 . 4 ) 
7.9 (3.7) 7 5 . 1 ( 3 8 . 0 ) 
7 . 5 (3.9) 6 6 . 2 ( 3 5 . 7 ) 
B o y s 
0 . 2 5 4 . 2 ( 2 . 9 ) 3 3 . 1 { 9 . 8 ) 
2 6.5 (4.7) 5 0 . 7 ( 1 1 . 0 ) ^ 4 . 6 ( 4 . 7 ) 5 2 . 3 ( 1 3 . 0 ) 
6 8 . 8 (4.3) 6 0 . 4 ( 2 1 . 7 ) 8 8 . 8 ( 3 . 9 ) 5 5 . 6 ( 2 4 . 2 ) 
10 8 . 5 (3.2) 5 4 . 8 ( 2 8 . 2 ) 
12 9 . 3 (3.2) 6 0 . 8 ( 2 9 . 7 ) 
15 8 . 7 (3.6) 6 8 . 9 ( 8 3 . 3 ) 
18 7 . 5 (3.5) 5 9 . 7 ( 3 9 . 6 ) 
2 1 6.9 (2.9) 6 4 . 0 ( 3 8 . 4 ) 
2 4 6.3 (2.9) 6 9 . 5 ( 6 0 . 9 ) 
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(b) C a l c i u m a n d V i t a m i n D 
A g e C a , m g V i t . D , lU 
m M e a n (SD) M e a n (SD) 
G i r l s 
0 . 2 5 307 (103) 239 ( 51) 
2 412 (111) 333 ( 70) 
4 414 (131) 337 ( 83) 
6 436 (156) 318 ( 1 0 8 ) 
8 425 (189) 2 7 1 ( 89) 
10 495 (215) 256 ( 91) 
12 562 (268) 252 ( 96) 
692 (309) 225 ( 1 2 0 ) 
18 704 (320) 192 ( 1 1 5 ) 
2 1 762 (349) 203 ( 1 3 3 ) 
24 749 (379) 184 ( 1 3 6 ) 
B o y s 
0 . 2 5 296 ( 97) 242 ( 72) 
2 432 (101) 367 ( 78) 
4 459 (110) 3 7 1 ( 75) 
6 512 (159) 371 ( 1 0 6 ) 
8 536 (260) 300 ( 1 0 4 ) 
10 564 (238) 272 { 92) 
637 (293) 272 ( 1 1 5 ) 
15 757 (304) 250 ( 1 3 9 ) 
18 728 (285) 216 ( 1 3 9 ) 
2 1 721 (301) 187 ( 1 4 7 ) 
24 770 (458) 191 ( 1 7 2 ) 
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T a b l e 7 . 1 1 Sex d i f f e r e n c e s in n u t r i e n t i n t a k e 
A g e in m o n t h s 
N u t r i e n t 0 . 2 5 2 4 6 8 10 12 15 18 2 1 24 
f e r g y ns ^ * * ns ns n s ns ns n s n s 
^ n e ^ y / K g ns n s n s ns ns ns ns ns ns n s ns 
【ro^e 上 n ns n s • ns ns ns n s ns ns n s n s 
P r o t e a n / K g n s ns n s ns ns ns ns ns ns n s ns 
逝 n C ns * n s ns ns ns ns ns n s n s n s 
V i t a m i n D n s * * * ^ ^ 
ns ns ns ns ns ns n s 
， l c : L u m ns ns n s ns ns ns ns ns n s n s ns 
工 m n ns n s n s ns ns ns ns ns n s n s ns 
* b o y s g r e a t e r t h a n g i r l s , p < 0.05 
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Fig. 7.2 Mean total daily energy intake in Kcal/day of girls and boys from birth to two years 
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SOURCE OF ENERGY 
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CHAPTER EIGHT HAEMATOLOGICAL AND BIOCHEMICAL STUDY OF 
mON AND VITAMIN D STATUS AT 18 MONTHS 
8.1 Iron 
As iron deficiency and anaemia are common at 18 months, haemoglobin and ferritin were 
measured in 123 infants at 18 months. The mean (SD) Hb concentration was 12.4 (0.9) 
mg/dl and the range was from 9.6 to 14.4 gm/dl. The distribution of Hb is shown in Fig. 
8.1. 11 infants had Hb concentration < 11 gm/dl and their MCV, ferritin and Hb pattern 
results are listed in Table 8.1 (a). These infants were given a three month therapeutic 
trial of 3 mg elemental iron per day in the form of Ferrinsol and Hb was measured again. 
Only one infant (ID = 160) showed an increase of haemoglobin by > 1 gm/dl (from 10.6 
to 11.7). In 10 out of the 11 infants haemoglobin pattern was examined by electrophoresis 
and seven were found to possess the B - thalassaemia trait. Hb electrophoresis was not 
obtained in one infant (ID = 008). His blood smear showed hypochromia, anisocytosis 
and targeting of the red cell and the serum ferritin concentration was 83 ng/ml. These 
suggested that it is likely that his low Hb was due to B - thalassaemia trait. The infant (ID 
=160) is the only candidate that could be considered to have iron deficiency anaemia, 
yet his serum ferritin concentration was 64 ng/ml (reference range: 5.9 - 155.9). In 
summary, 11 out of 123 had Hb < 11 gm%, 8 had B - thalassaemia trait, 1 had iron 
deficiency and 2 had a low normal Hb. This percentage of B -Thalassaemia trait is 
compatible with the local experience in Southern Chinese. 
In 128 infants serum ferritin was measured. The mean (SD) value was 33.8 (24.8) ng/ml, 
ranging from 5.9 to 155.9 ng/ml. Only one infant (ID = 92) had abnormally low ferritin 
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concentration of 5.9 ng/ml (Dallman et al, 1980) (Table 8.1 (b)). The haemoglobin 
concentration in the infant was 12.3 gm/dl and MCV was 74. This infant is therefore iron 
deficient without anaemia. 
In addition to these infants there were three others with a low MCV (< 70 fl). Their 
haemoglobin concentration was > 11 gm/dl and they had normal serum ferritin 
concentration (Table 8.1 (c)). Blood film was normal in 2 and the third had hypochromia, 
anisocytosis and targeting. It is therefore likely that the first two were low normal while 
the third had B - thalassaemia trait. 
From this analysis, it can be concluded that the incidence of iron deficiency, with or 
without anaemia in the study infants was 1 - 2% (Leung et al, 1988a). 
8.2 Vitamin D 
In 128 infants serum 25 OHD was measured. All had 25 OHD concentration > 10 
ng/ml. The mean (SD) for the whole group was 23 ng/ml (5.07) with a range of 9.9 -
40.9. The infants were recruited into the study over a six months period from June to 
December and their serum 25 OHD level measured at the 18 months visit fell into one of 
the six months: December 1985 to June 1986. The distribution of serum 25 OHD 
concentration according to month is shown in Fig. 8.2. The mean serum 25 OHD 
concentrations of the samples collected in the summer months May and June were 
significantly higher than those in the other four months. To pursue the relationship 
between serum 25 OHD and the environment, information about the weather between 
January to June 1986 was obtained from the Hong Kong Royal Observatory. There were 
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significant positive correlations between the mean serum 25 OHD and the mean air 
temperature (r = 0.84) and between 25 OHD and the mean total bright sunshine or global 
solar radiation (r = 0.82) of the month (Table 8.2). These data suggest that the exposure 
to sunshine made a small but important contribution to the Vitamin D status in these 
infants (Leung et al, 1989a). 
125 Table 8.1 H a e m a t o l o g i c a l and b i o c h e m i c a l c h a r a c t e r i s t i c s o f i n f a n t s 
a g e d 18 m o n t h s w i t h an i n i t i a l s u s p i c i o n of i r o n d e f i c i e n c y 
(a) H b < 1 1 g m / d l 
ID N o . H b M C V F e r r i t i n H b p a t t e r n 
g m / d l fl n g / m l 
0 0 5 1 0 . 9 59 20 T h a i 
0 0 8 9 . 6 64 83 -
0 3 5 1 0 . 9 77 22 N 
0 3 9 1 0 . 5 58 53 T h a i 
0 6 8 1 0 . 8 62 47 T h a i 
1 4 8 . 9.7 54 19 T h a i 
152 1 0 . 9 54 24 T h a i 
1 5 4 1 0 . 8 77 53 N 
1 6 0 1 0 . 6 74 64 N 
1 6 1 1 0 . 2 54 20 T h a i 
162 1 0 . 3 53 16 T h a i 
(b) F e r r i t i n < 7 n g / m l (1 n g / m l = 2.22 p m o l / L ) 
ID N o . H b M C V F e r r i t i n S m e a r 
g m / d l fl n g / m l 
0 9 2 12.3 74 5.9 N 
(c) M C V < 70 fl a n d H b > 11 g m / d l 
ID N o . H b M C V F e r r i t i n S m e a r 
g m / d l fl n g / m l 
…139 1 1 . 3 57 11 HcA^T土 
1 6 8 12.9 69 15 N 
1 7 1 11.7 68 17 N 
c c H = h y p o c h r o m i a A = a n i s o c y t o s i s 
N = n o r m a l T h a i = B - t h a l a s s a e m i a t r a i t 
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Table 8.2 M e a n s e r u m 25 O H D l e v e l , m e a n air t e m p e r a t u r e a n d g l o b a l 
s o l a r r a d i a t i o n a c c o r d i n g t o m o n t h 
n 25 O H D , n g / m l M e a n A i r G l o b a l S o l a r 
T e m p , °C R a d i a t i o n , 
胞 n (SD) M J / m 2 
D e c . 1 9 8 5 2 0 2 2 . 4 (3.1) 一 一 
J a n . 1 9 8 6 23 2 2 . 0 (6.3) 15.9 1 3 4 
F e b . 1 9 8 6 2 1 2 2 . 7 (2.6) 14.7 9 62 
M a r . 1 9 8 6 2 1 2 1 . 1 (3.6) 1 7 . 6 9.2 
A p r . 1 9 8 6 2 7 2 1 . 3 (5.5) 2 2 . 6 12 1 
M a y 1 9 8 6 8 2 8 . 3 * (6.5) 2 5 . 9 15 2 
J u n . 1 9 8 6 9 3 0 . 0 * (7.1) 2 8 . 0 1 6 : 0 
* p < 0 . 0 5 
1 n g / m l = l u g / L = 2 . 5 n m o l / L = 2.5 p m o l / m l 
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PART III DISCUSSION 
CHAPTER NINE EVIDENCE FOR ADEQUATE NUTRITION IN THE 
STUDY INFANTS 
CHAPTER TEN LIMITATION OF RDA AS A STANDARD TO 
INTERPRET DIETARY INTAKE DATA 
CHAPTER ELEVEN USE OF INTERNATIONAL REFERENCES AS 
STANDARDS FOR CHINESE TO INTERPRETE 
ADEQUATE GROWTH 
CHAPTER TWELVE FURTHER EVIDENCE OF A GENETIC ROLE IN 
CAUSING SMALLNESS IN THE STUDY INFANTS 
CHAPTER THIRTEEN PRACTICAL IMPLICATIONS OF THE STUDY 
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CHAPTER NINE EVIDENCE FOR ADEQUATE NUTRITION IN THE STUDY INFANTS 
Factors that are associated with undernutrition or poverty syndrome (Gopalan, 1989)，such 
as low income relative to food cost, diet poor in quantity and quality, poor access to safe 
water; poor access to health care, large family size and high levels of illiteracy, especially 
in females are absent in the study infants. 
9.1 Use of Infant Formula Throughout Infancy 
Since the majority of the study infants were fed on demand with full strength fortified 
infant formulae containing all the necessary nutrients required for infants' normal growth, 
they should be receiving sufficient amounts of nutrients (ESPGAN，1977; 1981; DHSS, 
1980). In populations where high morbidity is associated with formula feeding, babies 
are often given over diluted formula because families find infant formula too expensive. 
Also contaminated water and bottles may be used leading to frequent episodes of 
gastroenteritis ( Moodie, 1982). But these risk factors do not exist in Hong Kong. The 
cost of buying infant formula was at most two hundred Hong Kong dollars per month, 
which was about 5 - 7% of the average family income. Clean water is readily available 
from the tap at home, originates from reservoirs which are vigorously scrutinized and the 
water adequately chlorinated. Also by attending MCH regularly, mothers can be taught 
how to sterilise bottles and make up full strength formula. Moreover, these fortified 
formula - either starting formula or follow up formula were given throughout the weaning 
period - six months to two years, acting as a，safety net' (Wharton, 1986) not only to 
ensure adequate intake of iron and vitamins but also energy and protein. If the weaning 
infant was not satisfied with the solids, he could easily make up for the energy deficit by 
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eating more in the subsequent milk feed as he was allowed to be fed on demand. 
Therefore, the qualitative analysis of the dietary practices of Hong Kong Chinese infants, 
even without quantitative analysis of individual nutrient intake, gives evidence of nutrition 
adequacy. 
9.2 High Protein Intakes in Weaning Period 
As protein is much more expensive than carbohydrate, it would be most unusual to find 
a population who are taking plenty of protein yet have inadequate carbohydrate. In 
developing countries where there is general shortage of food supply, especially protein, 
infants were given food high in calories but low in protein. It is now generally recognised 
that the major deficiency is of food intake in general (and therefore of energy) rather than 
of protein in particular (Moodie, 1982). Since the amount of protein given to the study 
infants throughout the two year period was much more than the recommended requirement 
especially towards the second year, it is hardly likely that the infants were deficient in 
energy. The high protein intake was attributed to additive effects of the change over 
from low solute (low protein) to full protein follow-up formula and the use of meat, fish 
and egg, which contain high class protein, in servings of congee or soft rice. With this 
conscientious attitude in feeding infants there is no reason to suspect that these infants 
could in any way be underfed. The traditional way of serving congee alone (meat used 
in cooking congee but removed before feeding) together with weaning off from milk as 
early as the first year was rarely found in the study infants reflecting the efficiency of the 
advice on infant feeding provided in MCH clinics and which had so much to do with the 
recommendations made 25 years earlier by Field and Baber (1973). 
132 
9.3 No Iron Deficiency Anaemia and Rickets 
Iron deficiency and rickets which are common problems of infancy throughout the world 
are absent in the study infants due to the protection by the safety net provided by the 
infant formula and adequate exposure to sunlight (Leung et al, 1988a; 1989a). Iron 
deficiency is mostly due to lack of dietary iron-fortified food or secondly to blood loss in 
populations where hookworm infestation is common. Apart from lacking in fortified 
food，rickets is caused by inadequate exposure to sunlight either for climatic (e.g. little 
sunshine in Glasgow) or cultural reasons (e.g. limited exposure to sunshine by women in 
the Middle-East). In Birmingham, United Kingdom, iron deficiency anaemia was present 
in two-fifths of the Parkistani toddlers, two fifths had deficient plasma concentrations of 
Vitamin D, and one-fifth had both deficiencies. Even their local Caucasian infants had 
these deficiencies though to a lesser extent. These were attributed to the omission of 
fortified infant food and lack of exposure to sunlight during the weaning period (Grindulis 
et al, 1986). 
9.4 Normal Health 
The overall reported infant mortality rate in Hong Kong was 8 per thousand in 1985 
(Hong Kong Government, 1985)，which was one of the lowest achievable in the world at 
the time (Grant, 1987). In the study infants one died at ten months because of acute 
appendicitis which is not related to malnutrition. Chronic or recurrent gastroenteritis, 
recurrent chest infections, infestations, which are common problems of malnourished 
populations were not found in the study infants. None of them suffered any chronic or 
severe illness that might have affected their nutrient intake or absorption in a significant 
way. The morbidity pattern was close to that of the industrialised countries more than that 
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of the developing countries (Boulton, 1981). Developmental delay, a possible association 
with underfeeding, was not found in the study infants. The two cases of speech delay 
were developmental and should in no way be considered as nutritional in origin. 
Moreover, all infants led an active life both indoor and outdoor. 
9.5 Secular Change in Infant Growth Observed Over the Last Twenty Years 
Secular change in growth is known to be associated with improvements in the general 
socio-economic environment, nutrition and health. In association with the fall of infant 
mortality rate from 21.8 in 1967 to 8.5 in 1985, the mean weight, length and head 
circumference of infants have gone up and correspond to the 75th centile of the growth 
data of infants measured in the 1960s (Chang et al, 1965; Chang and Ng, 1967) (Fig. 9.1) 
reflecting that a secular change has been taking place. Likewise, the 97th，50th and 3rd 
centile of the study infants were shifted much above the corresponding centiles of Chang，s 
charts (Fig. 9,2). 
These secular changes in infant growth have in fact also been noticed by the Family 
Health Service after they carried out two growth surveys on children below five years 
attending MCH in 1978 and 1985 (Family Health Service and Statistical Unit, 1985; 
1987). While there was a definite secular change between 1963/4 and 1978 in weight, 
length and head circumference of infants, there was practically no difference between 
those measured in 1978 and 1985 by the Family Health Service (1985) (Table 9.1). This 
implies that the nutritional status of infants might have reached an optimal state and the 
growth potential of weaning infants has already been reached over the last seven years or 
so. This coincides with the finding that a secular change has occurred in children 3 to 18 
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years (measured between 1960s and 1980s) (Fung et al, 1985; Leung et al, 1987; Ling 
and King, 1987). 
9.6 No Correlation between energy/protein intake and weight/length acheived 
Insufficient protein and calorie intakes can cause growth failure in infancy: poor weight 
gain or short stature. If there were malnourished infants in the study group, there should 
be some individuals having a particularly low intake of energy and little weight gain. Such 
individuals were not found. Subgroups of small size infants will be discussed in Chapter 
11 & 12 . As a whole group, there is no consistant positive correlation between weight 
and nutrient intake. If anything, there is slight correlation between weight and daily 
energy and protein intake in the early months (r = 0.2 - 0.5) but not later in infancy (r 
= 0 - 0.2), implying that while at early infancy, weight is a more important determinant 
of energy requirement, in the later part of infancy, other factors, like activity should be 
more important as infants become more active as they achieve more motor skills after 6 
months (Table 9.2). This is what one would expect to find in an adequately fed 
population. 
9.7 No Social Deprivation 
Emotional deprivation is a known cause of growth failure in infancy. Social problems in 
infancy most notably baby battering, failure to thrive, emotional deprivation are less 
common in Hong Kong than in the west for cultural reasons. Of all study infants, only 
one was born to a single unmarried mother. None of the parents had separated over the 
two year study period. There was one broken family in which the father, a lorry driver, 
died during a traffic accident while at work. None of the living fathers were unemployed 
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during any of the study period. 
It is recognised that children belonging to the lower social class are shorter (Tanner, 
1981). How about in Hong Kong? Occupation of the study infants was classified 
according to the method used by the Hong Kong Government in the Census. The 
majority of the fathers belongs to the working class or group which simply reflects the 
distribution in the general population. Besides occupation, the education background, 
living standard and family income are possible factors that might reflect the social 
condition of the family. If social factors had played an important role in causing 
smallness in the study infants, one might expect to find infants that belong to the lower 
social group shorter or even lighter. 
To examine this possibility an arbitrary dividing line was drawn for each social parameter 
- type of accomodation, income, education of father and mother - to create a so called 
，upper，and，lower’ social group, and the weight and length attained at two years were 
compared. No significant difference was found (Table 9.3). Would the finding be still 
the same had the number of infants studied been greater? I would think so because from 
my clinical experience in the local Growth Clinic over the last six years, physiologically 
small children are not prevalent in any social group except a few cases of failure to thrive 
in families with ignorant parents. Absence of variation in size in relation to social class, 
in contrast to many countries, may be due to the small area of Hong Kong so that families 
are subjected to the same influence or education on infant feeding practices especially 
through MCH. It can therefore be concluded that had any of these social factors affected 
growth of the study infants in anyway, all infants would have been affected to the same 
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extent. 
That the study infants are adequately nourished can be extrapolated to Hong Kong in 
general. The sample choosen is representative of Hong Kong in the social background -
55% of families resided in public housing, compared with 60% for the population of 
Shatin and 44% for the whole population of Hong Kong; 54% of fathers were unskilled 
or semiskilled workers compared with 50% for the general population in Hong Kong 
(Censes and Statistical Department, 1981). The feeding practice of the study infants is 
also representative of Hong Kong as the guidelines given by the MCH staff are unified 
and the attendance rate at MCH by Hong Kong infants was as high as 95 % (Medical and 
Health Department, 1985). 
Therefore, the contrasting finding of Li et al (1982) that weaning infants were 
undernourished is due to a different interpretation of nutritional adequacy in using 
，recommended’ levels and adequacy of growth using，international’ standards. These will 
be elaborated further in the following three Chapters. 
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Table 9.1 C o m p a r i s o n o f m e a n w e i g h t , l e n g t h and h e a d 
c i r c u m f e r e n c e of H o n g K o n g C h i n e s e i n f a n t s 
m e a s u r e d in 1 9 6 5 , 1 9 7 8 and 1 9 8 5 
1 9 6 5 1978 1985 P r e s e n t S t u d y 
B o y s 
6 m W T 7.5 7.9 7.8 7 . 9 
L G 6 7 . 0 67.6 67.7 6 7 . 1 
H C 4 2 . 7 43.7 43.7 4 3 . 7 
12 m W T 8.9 9.5 9.3 9 . 3 
L G 7 4 . 3 75.4 75.4 7 4 . 9 
H C 4 5 . 3 46.5 46.3 4 6 . 5 
2 4 m W T 1 1 . 0 1 2 . 1 1 1 . 8 1 1 . 8 
L G 8 4 . 5 85.3 8 5 . 3 8 6 . 3 
H C 4 7 . 4 48.8 4 8 . 4 4 8 . 7 
G i r l s 
6 m W T 6.8 7.2 7.3 7.2 
H T 65.4 66.5 66.3 65.5 
H C 4 1 . 6 42.7 4 2 . 6 4 2 . 5 
12 m W T 8.3 9.2 8.8 8 . 7 
H T 7 3 . 0 75.2 74.5 7 4 . 0 
H C 4 4 . 1 45.5 45.3 4 5 . 3 
24 m W T 10.4 11.2 1 1 . 1 11.3 
H T 8 2 . 7 83.8 8 3 . 6 8 6 . 0 
H C 4 6 . 0 4 8 . 0 47.2 4 7 . 4 
\ 
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Table 9.2 C o r r e l a t i o n of e n e r g y and p r o t e i n i n t a k e w i t h 
w e i g h t of s t u d y infants from b i r t h t o 24 m o n t h s 
G i r l s B o y s 
A g e , m E n e r g y P r o t e i n E n e r g y P r o t e i n 
0-25 0.26 * 0.22 0.50 ** 0 . 4 2 ** 
2 0.27 * 0.35 * 0.51 ** 0.44 ** 
4 0 . 3 7 * * 0 . 4 2 * 0 . 2 1 0 . 1 3 
6 0.37 * 0.41 * 0.27 * 0.04 
8 0.24 * 0.17 0.14 0.01 
10 0.16 0.03 0.25 * 0.21 
0.24 * 0.14 - 0 . 0 0 -0.01 
15 0.13 0.07 0.08 0.05 
18 0.02 -0.05 -0.00 -0.01 
21 0.12 0.11 0.02 - 0 . 0 8 
0.21 0.22 0.11 0.12 
* p < 0 . 0 5 
** p < 0 . 0 0 1 
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Table 9.3 Comparison of body size at 2 .'n ^v, ^ , 
a ^ years in the lower and upper social groups 
‘ “‘ -
Weight , • 
Girls Boys 「. , Length 
A. Accommodation ‘ ~ ~ “ 
I . W C O S . h o u s i n g n . 2 1 . 3 ( 4 0 ) I I . 7 I . O ( . 3 ) 8 3 . 7 2 . 8 ( 4 0 ) 8 5 . 3 2 . 4 ( 4 3 ) 
1 1 . 3 1 . 2 ( 2 8 ) l l . a 1 . 3 ( 3 5 ) 8 3 . 7 2 . 9 ( 2 8 ) S 5 . 2 2 9 
private rental flat 。” ⑶ ^ 
B. Income 
= … . 2 � n . " • 咖 … . 7 ( 4 1 ) … 湖 
H • … _ . n . 3 1 . 3 ( 2 7 ) U . 7 1 . 3 ( 3 3 ) 3 3 . 7 3 . 0 ( 2 7 ) 3 5 . 0 3 . 0 ( 3 3 ) 
C. Area of flat 
二 二 : 11.2 1.3 ⑷ ） 1 . 3 ( 4 6 ) 33.4 2.9 ⑷ ） 8 6 . 2 2 . 8 ( 4 6 ) 
II.4 I.I (27) n . 6 0.9 (32) 85. I 2.6 (27) 85.3 2.4 (32) 
D. Education of father 
S e c o n d a . , .nco.plete 11.2 1,2 (29) 11.7 1.3 (33) 83.9 2.9 (29) 86.5 3 0 (33) 
or lower … ^ j 
1 . 3 ( 3 8 ) n . 8 1.0 ⑷ ） 8 5 . 7 2 . 7 ( 3 8 ) 8 6 . 1 2 . H 4 5 ) 
E. Education of mother 
o T l o l T n . l 1 . 3 ⑵ ） u . 7 � 8 5 . 7 3 . 1 ( 2 3 ) 8 6 . 2 2 . 9 ( 2 4 ) 
s e c o n d a r y c o m p l e t e 1 1 . 4 1 . 2 ( 4 5 ) 1 1 . 8 I . I ( 5 4 ) 8 5 . 7 2 . 5 ( 4 5 ) 8 5 . 3 2 . 3 ( 3 4 ) 
o r n i g n e r 
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CHAPTER TEN LIMITATIONS OF RDA AS A STANDARD TO 
INTERPRET DIETARY INTAKE DATA 
10.1 Iron 
The 1969 Committee on Nutrition, Academy of Pediatrics recommended 1 mg/kg/day for 
term infants up to a maximum of 15 mg/day. The 1974 Recommended Dietary 
Allowance (RDA) Ninth edition for iron is 10 mg/day until six months of age and 15 
mg/day between six months and three years of age. The 1970 FAO/WHO 
recommendation was 5 -10 mg/day depending on the proportion of animal food contained 
in the whole day's diet: less if there is more animal food since animal foods enhance 
iron absorption. All these figures were set as guidelines because iron absorption varies 
considerably according to the iron compound and the food with which it is eaten. 
(American Academy of Pediatrics, 1976). 
The average iron intake of the study infants during weaning was around 8 mg/day, which 
is lower than recommended. Pooling all the iron intake data of infants between six to 24 
months, 72% of them have taken less than 10 mg/day at any one study period (Fig. 10.1). 
The percentage would be much higher had 15 mg/day been used as the reference point. 
Despite the lower than recommended intake, only one infant had ferritin less than 7 
ng/ml. This is, in fact, not surprising because the RDA for iron, like other nutrients has 
been set much higher, 2 SD above the average requirement of a population (Beaton, 1985; 
Black, 1986). One should always be aware of the limitation of RDA or WHO 
recommendation for nutrient requirement, otherwise an erroneous conclusion might be 
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drawn as Li et al (1982) did (Beaton, 1985). In Li et al's study it was stated, "As 41% 
of weaning infants in Hong Kong had iron intake less than the RDA，the present weaning 
diet is of a poor nutritive value". If ferritin and haemoglobin had been measured in their 
study infants, normal iron status could well have been detected. Therefore, wherever 
possible, dietary surveys should always be accompanied by biochemical tests of outcome. 
10.2 Vitamin D 
The mean Vitamin D intake of the study infants during weaning was around 200 iu/day, 
which is only half the RDA of 400 iu/day. Examining the distribution, 90% had an intake 
of less than 400 iu/day at any one of the study periods between six and 24 months (Fig. 
10.1). But laboratory measurement of Vitamin D concentration showed that all infants 
had a normal Vitamin D concentration of above 10 ng/ml., illustrating again that the 
RDA should not be used as a cut off point to diagnose nutrient deficiency. The intake of 
400 iu is set 2 SD above the average requirement for infants who are not exposed to any 
sunlight. 
Therefore, to say, "Weaning food is of poor quality because 67% of infants had Vitamin 
D intake less than RDA" (Li et al, 1982) is a serious misinterpretation of the definition 
and application of RDA. For the same reason, that 39% infants had calcium intakes less 
than the RDA during the weaning period does not necessarily imply that these infants 
suffer from calcium deficiency. Further investigation of the mineralisation of bone would 
probably help to confirm the adequate calcium status (Dequeker, 1988). 
10.3 Energy 
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In the same paper by Li et al (1982), it was mentioned that 67% of the Hong Kong 
weaning infants were noted to have taken less than the recommended energy intake. The 
reference used was the 1973 WHO recommendation. Had the newly revised 1985 
recommendation been used instead most probably the findings would have required a very 
different interpretation. 
The recommended energy requirement is defined as the amount required for the average 
population of a particular age range. For many years, the energy requirement for infants 
was derived from Fomon's study on milk consumption in babies from birth to three 
months，which was about 800 ml/day. The corresponding energy requirement would then 
be 120 Kcal/kg/day. Other studies of the one to two year old infants showed a somewhat 
lower energy requirement than young infants in Foman's study. It was then assumed 
that during the first year of life the energy requirement per unit mass should remain the 
same or decrease gradually to 110 Kcal/kg/day by one year. That was the basis of the 
recommended energy requirement for infants in the 1973 FAO/WHO report. 
However, later on many healthy babies in the developed world were found not to be able 
to consume such an amount (Yeung et al, 1979; Boulton and Coote, 1979; Persson et al, 
1984). Whitehead et al examined the published data of measured food energy intake from 
16 studies performed in the 1970s on healthy infants in Europe and North America who 
were shown to have grown normally. They found a fall of daily energy per kg over the 
first six months followed by an increase to about 12 months. The best fitting curve to 
these pooled data was represented by a quadratic equation which described a U-shaped 
curve (Whitehead et al, 1981). Upon this new finding, an extra 5 % was added to become 
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the new 1985 FAO/WHO/UNU recommendations. The most dramatic change was that 
for infants around six months: a 10-15 % drop. With the revised recommendations, many 
infants whom would have been diagnosed undernourished should then be described as 
adequately fed. 
The mean energy intake of the study infants during the first year is comparable, though 
slightly less than the 1985 recommendation but much less than that of 1973 (Fig. 10.2). 
References of energy intake between one to two years are very sparse possibly due to the 
great difficulty in assessing dietary intake of a mixed diet in weaning infants and they are 
often presented as that for the whole year，making comparison of the 3 monthly dietary 
data difficult. In brief, it is recognised that the energy intake per unit mass was highest 
at 15 months then gradually decreased, ending 15 Kcal less than the FAO/WHO 
recommendation at 2 years. Its significance needs further examination. However, as 
discussed in Section 9.1，the energy intake of the study infants should be considered 
adequate. 
The 1973 recommendation is generally recognised to be wrong. Even the 1985 
FAO/WHO/UNU recommendation for energy is not perfect. It was based on mean values 
obtained from dietary surveys plus 5% to allow for the slightly higher requirement for 
infants recovering from illness. With the introduction of the doubly labelled water 
method, new estimates for energy requirements of young children have begun to emerge 
(Prentice et al, 1988). Pooled data from several studies by different research groups in 
a variety of populations have shown that the energy expenditure, including basal 
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metabolism, thermogenesis, physical activity and energy cost of synthesising new tissue 
is much lower than the 1985 FAO/WHO/UNU recommended allowance for infants below 
two years. The energy expenditure between six and 24 months was around 85 
Kcal/kg/day as compared to 95 - 105 Kcal/kg/day stated in the 1985 recommendation. 
It was speculated that the difference could be due to secular change in infant feeding 
practice and/or changes in activity pattern in the children of 1970s and 1980s. Further 
research is needed before a more reliable recommendation can be made. 
The initial setting up of the RDA was meant to be used mainly as a guideline for food 
preparation, food industry in marketing and supply. Many developed countries have set 
up their own recommended dietary allowances according to the characteristic of their 
dietary pattern. There is no uniformity in the values for the various nutrients (Wretlind, 
1981). Such discrepancies were acceptable because allowances were meant to be used 
mainly as guidelines. However, in recent years some have demanded that it be used as 
a reference in dietary analysis. But there are certainly limitations. 
In 1986，a Committee on the Evaluation of Food Consumption Surveys of the Food and 
Nutrition Board established a sub-committee on Criteria for Dietary Evaluation. In this 
report，the group concluded that it is inappropriate to use fixed cutoff points, when the 
standard to which they are applied has a varying margin of safety for different nutrients 
(Guthrie, 1989). Any new recommendation should be set up with great caution and this 
was the main reason of the postponement of the 10th edition of RDA in 1985 (Press, 
1985). 
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Without recognising the basis of the RDA or WHO recommendations, inaccurate 
interpretation of dietary intake data easily arises with tremendous implications for the 
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CHAPTER ELEVEN RELEVANCE OF INTERNATIONAL REFERENCES A S 
STANDARDS TO INTERPRET ADEQUATE GROWTH 
IN CHINESE INFANTS 
11.1 Misinterpretation of Undernutrition in the Study infants 
For the Pediatrician, the adequacy of growth is the single most valuable indicator of 
nutritional and general health status of childhood. Does the smaller size of Chinese 
infants at two years (Section 6.1) compared to the Americans as represented in NCHS 
references reflects nutritional inadequacy in the first two years of life? The preceding two 
Chapters have already shown that the study infants as a group are adequately fed, at least 
in the major nutrients - energy, protein, iron and Vitamin D. Could there be a subgroup 
who was suboptimally fed and therefore suffering growth failure and causing smaller size? 
11.1.1 NCHS reference of weight and length 
Twenty six study infants (18% of the whole group) have a weight less than 80% median 
NCHS weight for height at two years. According to the WHO recommendation, they 
might be described as being wasted or suffering acute protein-calorie malnutrition 
(Waterlow et al, 1977). A detailed comparison of the energy and protein intake, weight 
and length attained, weight and height velocity of these 26 infants "wasted" (W) and the 
rest of the group "non-wasted" (N) is shown in Table 11.1. They have a mean weight 
near the 10th percentile and a mean length near the 25th percentile of the whole group. 
So they are relatively lighter for their length. But they had not suffered illness more often 
than the rest of the group (Appendix III). In actual fact, their mean energy and protein 
intakes per unit mass were higher than the median value of the whole group throughout 
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the two year period from birth to two years (Fig. 11.1). Therefore, these 26 infants 
might have wrongly been diagnosed as suffering protein-calorie malnutrition had the 
NCHS reference been applied as a standard (Leung and Davies, 1989b). 
11.1.2 Midarm circumference 
As there are only slight changes in the MAC between one and four years of age, 13.5 cm 
is recommended by Shakir & Morley (1974) to be used as a cut off point for malnutrition. 
The WHO recommended the use of Wolanski standard which was derived from Polish 
children and used < 85 % of the mean as a cut off point (Jelliffe, 1966). As the Wolanski 
reference for mean MAC for two year infants is 16 cm, 85% is equivalent to 13.5 cm. 
Two of the study infants having MAC < 13.5 cm at two years would be classified as 
malnourished using either of the above two recommendations. At one year the mean MAC 
of the study infants lies closer to that of the present day Cambridge infants than the 
Wolanski standard (Fig. 11.2). It would be interesting to compare with the two-year-
old Cambridge infants when their data are available. 
The following nutritional interpretation using midarm circumference to head circumference 
ratio (MAC/HC) has been recommended: > 0.31, nutritionally healthy; 0.31 - 0.28, mild 
PCM; 0.28 - 0.25, moderate PCM; < 0.25, severe PCM (Kanawati and McLaren, 
1970). Using these criteria, 33 study infants would be classified as suffering mild wasting 
and two suffering moderate PCM. Most of them are those who would have been described 
as wasting using NCHS as standard. As described in the previous section, the dietary 
intakes of all these so called malnourished infants are actually adequate and they should 
in no way be described as underfed. This further disproves the international applicability 
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of a standard value derived from the Caucasian to interpret nutritional status. 
11.1.3 Skinfold thickness 
The study infants were much thinner than the Tanner's reference (Section 6.1.2). For 
infants below one year, data originated from Huchison-Smith (1970; 1973) who did a 
longitudinal study of 200 infants (112 boys and 88 girls) of one to 12 months in 
Derbyshire in 1966 - 1968. How good is it as a standard? Thirty-five percent of these 
infants had weight above 20% median weight for height using Tanner，s growth reference, 
therefore were obese. In those days, solids were introduced at a very early age: 6.2 
weeks in boys and 7.9 weeks in girls on average. Artificial feeding with high solute 
formula was a common practice. All except 15% of boys and 23% of girls at 16 weeks 
were bottle fed. Lower respiratory tract infection was a common morbidity among those 
infants (20%), more so in infants with more subcutaneous fat (Hutchison-Smith, 1970). 
So this reference is in no way a good optimal standard for infants below one year. 
Recently Whitehead and Paul (1988) have conducted a growth and nutrition study in 
Cambridge, United Kingdom, 1984 - 1985，on 131 babies who were fed on either breast 
milk or the low solute infant formula and weaned generally after around 4 months (13.8 
weeks for boys and 14.4 for girls). Compared to Tanner's reference the mean skinfold 
thicknesses were much lower than the median but close to the 10th centile. Similarly, 
data from Schluter et al (1976) collected in Germany 1974 - 75 and Yeung (1983) 
collected in Canada 1977-78 showed similar findings to the study infants: a much earlier 
peak at three months compared to nine months in Tanner's data and they were in general 
lower than Tanner's reference mean (Hutchison-Smith, 1973; Davies and Leung, 
153 
1989)(Fig. 11.3). Therefore, Tanner's reference is no longer an appropriate international 
optimal standard for the present day babies. 
11.2 Shape of Growth Curve 
Compared to the NCHS reference, there is a more rapid rise in rate of weight gain in the 
first three months followed by a deceleration. On the other hand, the growth in length 
is just below and parallel to the NCHS references (Fig. 11.4). How can this shape of 
weight curve be accounted for? 
First of all, could the faster weight gain in the initial three months be due to catch up 
growth preceded by intrauterine malnutrition? The mean birth weights of the study infants 
were the same as the American babies collected by the Pel's Institute 50 years ago which 
may be a too outdated reference for comparison. As shown in Fig. 11.2 the study infants 
had greater MAC than the Polish (Jelliffe,1966) and Cambridge infants (Whitehead and 
Paul，1988). Also the mean ratio of midarm circumference to occipito-frontal 
circumference, a possible measure of intrauterine nutritional status, is 0.31 ± 0.02, which 
is significantly higher than recent data published for Asian, White and Black neonates 
(Davies et al, 1987). All the mothers were healthy during infancy. I am contented that the 
study infants were adequately nourished in the intrauterine period. 
Secondly, could the phase of slower rate of growth be due to a poor weaning diet as the 
growth faltering pattern so often described in many less developed countries (Waterlow 
et al, 1980)? As discussed in Section 9.1，fortified infant formula continued to be the 
main diet for infants in the first year of life: there is no reason why infants cannot obtain 
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whatever energy they need for necessary growth unless they were ill. Their health status 
has been shown to be normal (see Section 5.4). None suffered any chronic or recurrent 
illness which could have impaired their dietary intake. In fact, the energy intake of the 
study infants is comparable to a healthy Caucasian population - Canadian, which will be 
discussed further in a later Section (see Section 12.4). When the weight curve is closely 
examined the slowing of growth rate does not begin at the onset of weaning (which is six 
months) but at 3 months, when infant formula still provides the sole source of energy. 
Therefore, this deceleration of growth is not related to underfeeding. 
This early phase of acceleration and later phase of deceleration in growth is not unique 
to Chinese infants. It is also observed in Cambridge, Australian and Japanese infants. 
Whitehead and Paul (1984) have examined the growth of 132 well nourished Cambridge 
babies. They also exhibited an initial faster velocity of weight gain than the NCHS 
median for two to three months. After four months, this upward trend was reversed to 
reach the 25th centile at one year. On the other hand, the heads were bigger than the 
NCHS reference. There was no evidence that the Cambridge infants were in any way 
compromised in health after four months at a time of supplementary feeding (Paul et al, 
1988). 
Similarly, healthy well nourished Australian infants bom to mothers, mostly of British 
origin, were also noted to show an apparent decline in somatic growth in the second 
quarter of infancy compared to Tanner's reference, leading Hitchcock and Gracey (1981) 
to query the validity of the British reference obtained in the 1960s (Tanner et al, 1966). 
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The difference in growth pattern was again attributed to the changes in feeding methods 
between the 1950s and 1980s. They considered that the old reference had been distorted 
upwards by a significant proportion of heavier bottle fed infants and should not be used 
to represent an optimum or even desirable goal. 
Chinese are genetically closer to Japanese than to the Caucasian. Suboptimal growth in 
the Japanese children observed twenty years ago could be attributed to poor nutrition. 
Greulich (1957, 1976) did sequential studies on comparing the growth of Japanese 
children brought up in Japan and California. A difference was noted in 1957 and it 
disappeared in 1976，resulting from secular changes that have taken place in Japan but not 
in California. Comparing to the NCHS reference, Japanese boys of 1957 were between 
the 5th and 10th percentiles and by 1977，between the 25th and 50th perecentile at six 
years of age. Similar findings are evident for girls. Japan is now a prosperous country 
with the lowest infant mortality rate in the world. The growth of Japanese in the 1980s 
is considered to be approaching an optimal state. The secular trend in growth will soon 
stop. By then adults will still be about 5 - 6 cm (1 SD) shorter than the British for genetic 
reasons (Tanner et al, 1982). Japanese infants measured in 1980 have median weight and 
length curves very close to the study infants (Hayashi et al, 1981; Kamioka et al, 1983) 
(Fig. 11.5). 
The median length, weight and head circumference curve of the first generation, United 
States born, healthy Laotian and Cambodian infants fed mainly on infant formula during 
infancy were recently reported to be significantly lower than those of the NCHS for 
infants older than six months but not before that period (Baldwin and Sutherland, 1988). 
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What is then the underlying reason for the shape of all these growth curves being so 
different from that of the NCHS? 
Whitehead attributed the difference to that of infant feeding practices namely breast 
feeding or bottle feeding with low solute formula and late weaning for the present day 
babies in Cambridge (DHSS, 1980) and bottle feeding with high solute formula and early 
weaning twenty to forty years ago (Whitehead and Paul, 1984). Infant feeding with high 
solute formula and early weaning were considered to be related to infant and childhood 
obesity (Taitz, 1971). Recent changes on infant feeding advice were laid down by the 
British government (DHSS, 1980) in the belief that the present recommended feeding 
practice should be better for infants' immediate and future health (Poskitt, 1986). 
Overfeeding causes not only obesity but also enhancement in bone maturation i.e. heavier 
and taller in body size then if they were not overfed. Therefore, once the practice of 
overfeeding stops, infants should be expected to be lighter and shorter for the same age. 
Comparing infants having similar feeding practices, Hong Kong Chinese are still smaller 
than the British (Fig. 11.6). I attribute this to a genetic difference. Therefore, even the 
well fed Chinese, Japanese, Laotian and Cambodian infants who are similar in body size 
are smaller than the present day Cambridge or Canadian infants. To exhibit the genetic 
difference, deceleration of growth must occur at around four to six months as shown by 
Smith (1976). The next Chapter examines further this genetic influence on growth. 
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Table 11.1 ‘(a) Comparison of mean (SD) daily energy & protein intake of wasted (W) & non-
wasted (N) infants -
^Age,in n Energy, Kcal Energy, Kcal/Kg Protein, mg Protein, mg/Kg 
i W N W N W N W N W N 
Girls 
0.25 11 48 369(170) 382( 77) 124(20) 123(26) 8.9( 2.0) 9.4( 2.6) 3.0(0.7) 3.0(0.8) 
2 14 60 570(108) 532( 98) 126(23) 106(19)* 1 3 . U 2.7) 12.6( 3.1) 2.9(0.6) 2.5(0.5)* 
4 14 61 530(112) 557(119) 94(19) 87(17) 12.1( 2.4) 13.2( 3.7) 2.1(0.4) 2.0(0.5) 
6 14 61 542( 99) 612(137) 85(15) 84(18) 13.4( 3.6) 16.6( 6.4) 2.1(0.5) 2.2(0.8) 
8 14 60 687(151) 689(139) 100(21) 87(17)* 28.8( 9.6) 25.2(10.5) 3.6(1.4) 3.2(1.3) 
10 14 60 735(171) 763(146) 101(23) 90(19) 35.7(16.1) 33.1(12.8) 4.9(2.3) 3.9(1.6) 
12 14 61 865(188) 852(253) 113(25) 95(27)* 42.0(14.7) 40.2(17.3) 5.5(2.0) 4.5(1.9)‘ 
15 14 59 944(193) 992(262) 114(26) 104(28) 45.8(13.6) 47.8(16.3) 5.5(1.8) 5.0(1.8) 
18 14 60 1061(253) 1012(331) 118(28) 99(34)* 54.1(15.4) 50.5(18.3) 6.0(1.7) 4.9(1.9)* 
21 14 55 1068(359) 1036(295) 106(46) 80(44) 52.8(21.4) 48.7(15.1) 5.3(2.6) 3.7(2.1) 
24 14 54 1029(376) 1049(311) 75(56) 47(53) 47.7(21.7) 49.3(14.1) 3.5(2.8) 2.2(2.5) 
Boys 
0.25 8 61 332(110) 398(100) 106(34) 122(29) 8.11( 2.3) 9.5( 2.7) 2.6(0.7) 2.9(0,8) 
2 10 66 530(101) 600(115) 104(18) 109(19) 12.4( 2.6) 14.0( 2.6) 2.4(0.5) 2.5(0.4) 
4 11 66 5 5 4 ( 8 8 ) 617(109) 89(15) 88(17) 1 2 . 9 ( 2 . 1 ) 14.7( 2.9)* 2.1(0.4) 2.1(0.4) 
6 11 67 663(168) 682(150) 96(25) 85(18) 18.8( 7.6) 18.1( 7.2) 2.8(1.3) 2.3(0.9) 
8 11 68 685(164) 746(169) 92(23) 87(21) 25.0( 8.8) 28.8(11.2) 3.3(1.2) 3.4(1.4) 
10 12 66 812(188) 810(191) 102(21) 89(20) 32.5( 9.8) 35.2(11.4) 4.1(1.2) 3.9(1.3) 
12 12 57 885(237) 918(193) 107(32) 97(22) 40.2(14.2) 43.7(15.6) 4.9(1.8) 4.6(1.8) 
15 12 67 976(257) 1001(211) 108(29) 98(21) 47.5(15.1) 48.3(13.1) 5.3(1.7) 4.7(1.3) 
18 12 67 999(223) 1007(218) 105(24) 93(21) 50.0(15.6) 48.5(13.8) 5.2(1.7) 4.5(1.3) 
21 12 65 972(223) 1030(238) 79(42) 84(33) 48.6(12.1) 50.2(15.1) 4.1(2.3) 4.1(1.8) 
24 12 66 1025(220) 1034(300) 52(55) 49(50) 49.7(13.5) 49.1(18.4) 2.7(3.0) 2.4(2.5) 
* P < 0.05 
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Tables 11.1 (b) Comparison of mean (SD) of weight, weight velocity, length and height velocity of 
"wasted" (K) and "non-wasted" (K) infants 
Age, m n Weight, Kg Weight velocity®, Kg/yr Length, era Height velocity®, cm/yr 
W N W N W N W N • W N " . 
Girls 
0.25 11 48 3.0(0.3) 3.1(0.4) 48.7(1.2) 49.1(1.9) 
2 14 60 4.5(0.3 ) 5.0(0.5)* 10.2(1.9) 12.6(2.6)*- 55.9(1.3) 56.3(1.7) 46.1(6.1) 47.4(6.2) 
4 14 60 5.7(0.4) 6.4(0.5)* 6.7(1.2) 8.4(1.8” 60.6(1.7) 61.7(1.6)*- 28.1(4.3) 3 2.4(5.6)* 
6 14 61 6.4(0.3) 7.3(0.7)* 4.3(1.5) 5.5(1.7)* 64.2(1.5) 65.7(1.8)* 20.9(4.6) 24.0(4.7)* 
8 14 60 6.8(0.3) 8.0(0.8)* 2.8(0.8) 3.9(1.5)* 67.0(1.4) 68.8(1.8)* 17.2(3.7) 18.4(5.2) 
10 14 60 7.3(0.4) 8.5(0.9)* 2.7(1.0) 3.1(1.6) 69.8(1.7) 71.9(1.9)* 16.7(5.1) 17.3(3.8) 
12 14 61 7.7(0.4) 9.0(0.9)* 2.2(1.2) 2.8(1.6) 72.4(1.5) 74.1(2.0)* 15.4(3.9) 14.8(5.1) 
15 14 59 8.3(0.5) 9.6(0.9)* 2.8(1.0) 2.6(1.1) 75.7(1.6) 77.5(2.2)* 13.4(1.9) 13.7(3.0) 
18 14 60 9.0(0.5) 10.3(1.0)* 2.6(0.8) 2.8(1.1) 79.1(1.7) 80.6(2.4)* 13.8(2.5) 11.9(2.9) 
21 14 55 9.5(0.5) 11.0(1.1)* 1.8(1.0) 2.5(1.2) 81.4(1.9) 83.3(2.7)* 9.1(2.6) 10.7(3.9) 
24 14 54 9.9(0.5) 1 1 . 6 ( 1 . 1 1 . 9 ( 1 . 3 ) 2.5(1.2) 84.0(2.0) 86.1(2.8)* 10.3(1.4) 11.2(3.4) 
Boys 
0.25 8 61 3.2(0.5) 3.3(0.4) 49.9(2.2) 49.9(1.6) 
2 10 66 5.1(0.4) 5.5(0.5)* 12.6(2.6) 14.8(2.4)* 57.2(2.3) 57.7(1.7) 46.9(5.9) 51.0(6.7) 
4 11 66 6.3(0.4) 7.0(0.6)* 6.8(1.3) 8.9(1.9)* 62.3{1.7) 63.2(1,7) 30.4(6.8) 32.6f5.6) 
6 11 67 7.0(0.6) 8.0(0.7)* 4.3(1.8) 5.7(1.8)* 66.2(2.1 ) 67.2(1.8) 23.8(4.4) 23.2(5.5) 
8 11 68 7.5(0.5) 8.6(0.8)* 3.6(1.6) 3.4(1.7) 69.2(2.7) 70.2(2.0) 19.2(5.2) 18.1(4.9) 
10 12 66 8.0(0.6) 9.1(0.8)* 2.3(1.1) 3.2(1.6) 71.5(2.8) 72.7(2.0) 12.6(4.2) 15.8(4.5)* 
12 12 67 8-3(0.7) 9.5(0.8)* 1.9(1.5) 2-5(1.3) 73.9(3.0) 75.1(2.0) 14.1(5.9) 14.0(3.8) 
15 12 67 9.0(0.7) 10.2(0.8)* 3.0(0.9) 2.7(1.4) 77.0(2.9) 78.5(2.1) 12.6(3.6) 12.6(3.7) 
18 12 67 9.6(0.7) 10.9(0.9)* 2.0(0.7) 2.5(1.2) 80.0(3.2) 81.1(2.2) 11.3(4.3) 10.5(3.6) 
21 12 65 10.0(0.7) 11.4(0.9)• 1.7(0.9) 2.5(2.4) 82.4(3.3) 83.8(2.3) 10.0(4.3 ) 10.4(3.4) 
24 12 66 10.4(0.7) 12-0(1.0)» 1.8(0.7) 2.3(1.4) 85.0(3.5) 86.5(2.4) 10.8(3.6) 10.8(3.1) 
* p 0.05 
§ Velocity tabulated at any age period refers to velocity assessed between the ace period and that 
of the last visit e.g. velocity in the row of 6 months refers to velocity between 4 and 6 months. 
Midpoint being 5 months. 
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CHAPTER TWELVE FURTHER EVIDENCE FOR A GENETIC ROLE 
IN CAUSING SMALLNESS IN THE STUDY INFANTS 
12.1 Comparing growth and nutrition of babies born lighter 
to those born heavier at birth 
Nine babies whose birth weight was less than the 10th centile (L) (5 girls < 2.6 Kg, 4 
boys < 2.8 Kg) were compared with 16 babies whose birth weight was greater than 90th 
centile (7 girls > 3.6 Kg, 9 boys > 3.8 Kg). If the lighter birth weight was due to 
intrauterine malnutrition, there should be catch up growth after the release from the 
intrauterine environment (Smith, 1976). But the babies born light at birth remained 
lighter and shorter at two years. Their energy and protein intakes in the two year period 
were similar to those who were heavy at birth (Table 12.1) implying that they were 
adequately nourished prenatally and postnatally. 
Further support for this comes from the comparison of the parental size of the two groups 
(Table 12.2). The maternal weight of babies in the low 10th centile (L) was significantly 
different to that of babies in the high 90th centile (H) - 43.4 Kg versus 51.4 Kg for 
female infants and 48.6 Kg versus 58.5 Kg for male infants. 
Not only the birth size of the study infants but also the body size of their mothers is 
smaller than the Cambridge (Paul et al, 1988), Canadian (Yeung, 1983) and Australian 
(Hitchcock et al, 1986) population measured in the late 1970s and early 1980s. Further 
discussion on the racial difference can be found in Section 12.4. 
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12.2 Comparing growth and nutrition of infants who were 
lighter to those heavier at 2 years 
Similarly, two year infants whose weight was less than 10th centile (L2) (4 girls < 9.8 
kg, 7 boys < 10.4 kg), were compared with those with weight > 90th centile (H2)(7 
girls > 12.8 kg, 9 boys > 13.2 kg) for their birth and parental size, energy/protein 
intake，weight/length attained over the two year period. There was no significant 
difference in the energy and protein consumption at any period (Table 12.3). But these 
L2 infants were in fact lighter at birth and remained lighter throughout the two year 
period. Moreover, they were born from smaller parents-being lighter and shorter, 
reaching statistical significance in boys (45.3 kg versus 55.7 kg) but not in girls (44.3 
kg versus 49.5 kg) (Table 12.4). 
Seven girls and four boys had a length of less than the 10th centile at two years. The 
energy intakes throughout the two year period were no less and in many of them were 
instead above average. One of them belongs to a single parent and her corrected height 
was not known. The rest had heights at 10th - 25th centile after correction for their mid-
parental height. Only one was at the 3rd-10th centile of the Tanner's reference (Tanner 
et al, 1970). 
12.3 Correlation With Parental Size 
It is recognised that under optimal condition, children will grow to their own growth 
potential as determined by genetic factors acquired from their parents. 
From seven longitudinal studies of normal populations, parent-offspring height 
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correlations in a normal population were found to rise dramatically in the first year of life, 
reach a maximum by 3 years and maintaining this maximum up to 8 years. The 
maximum correlation was 0.42 in five studies and 0.33 in the other two (Tanner and 
Isrealsohn, 1963; Mueller, 1986). Therefore, infants at two years of age are not expected 
to have shown the maximum correlation with the parental height yet. For the studied 
infants to have shown a height correlation of 0.25 - 0.35 at two years (Table 12.5) one 
can say the findings are compatible with the world literature on healthy populations (0.32 
-0 .40 at two years). The correlations would have been lower had there been secular 
trend in growth between generations or the children's growth impaired for any reason 
including, of course, nutritional. Since Chinese adults are shorter than the Americans and 
there is good correlation in height between adults and children of 3 - 8 years of age 
growing under optimal condition, it is expected that the Chinese infants at three years 
should also be shorter • Part of this difference can of course be shown up at two years. 
Comparing with the NCHS reference, parents of the study infants are lighter and shorter 
than the Americans of 18 years old with their means corresponding to the 10-25th 
percentile only (Fig. 12.1). It is anticipitated that even under optimal condition two year 
old infants would still have a mean weight and length below that of the NCHS median, 
though not to the same extent. 
Data on parent-offspring weight correlations are available from only four longitudinal 
studies. The correlations are generally lower and findings among studies were inconsistent 
suggesting a lower heritability of body weight (Muller, 1986). 
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12.4 Comparison with Canadian and Australian infants 
To investigate whether inadequate energy intake during weaning is the cause of smaller 
body size compared with Caucasian infants, the nutrient intake and growth of the study 
infants over the first 18 months were compared to the recently published data on Canadian 
(Yeung, 1983) and Australian infants (Hitchcock et al, 1985; 1986). Though the 
published data was limited it is sufficient to say that Canadian and Australian infants were 
similar both in body size and dietary habit and can be considered as an homogenous 
group. The Chinese were lighter and shorter throughout the first eighteen months (Table 
12.6). Energy consumed by the Chinese at 3 and 6 months was 97 and 85 Kcal/Kg per 
day which was significantly less than the Canadian (102 and 93) yet the Chinese have 
higher skinfold thicknesses. By 12 to 18 months, the energy intake was 98 ad 99 
Kcal/Kg/day which was similar to that of Canada (96 and 96) and Australia (99 and 100). 
The percentage of fat consumed was also similar to that of the Canadians througout the 
eighteen months period, yet the Chinese have reached a lower skinfold thickness by 18 
months after a rapid drop after six months. Therefore, the difference in body size and 
adiposity between the Chinese and Caucasian could not be explained by a consistent 
difference in energy intake nor a difference in fat content in their diet (Leung and Lui, 
1989c). Although their energy expenditure in relation to life style and climate might be 
different, genetic factors certainly play an important role in causing the difference. The 
smaller birth size could be explained by the smaller size of Chinese parent. They are 
significantly lighter (60.5 kg versus 76 kg in fathers, 50.2 kg versus 61 kg in mothers) 
and shorter (169 cm versus 177 cm in fathers, 157 cm versus 177 cm in mothers) (Table 
12.7). By 12 to 18 months, genes that determine ultimate adult size begin to manifest as 
size correlated well with the parental size in both stature and weight, though more so in 
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stature as one would expect to find in a well nourished healthy population (Muller, 1986). 
12.5 Comparison with NCHS 
In Section 12.1, it has already been shown that infants whose weight for length was < 
80% NCHS median did not take less energy compared to the whole group. Instead the 
mean maternal weight of these infants who might have been termed 'wasted，was 
significantly less than the rest of the group (Table 12.8). 
The body weight of infant No 142 at two years was lower than the third centile of the 
whole group and his weight for height was less than 80% of the expected median weight 
for height, using NCHS as reference. His total daily energy intake throughout the two 
year period was similar to the group average. After correction for his weight, his energy 
intake per kg was one of the highest in the group (Fig. 12.2). Therefore his smallness 
is unlikely to be due to inadequate nutrition. His mother is very light : weight 43.2 kg, 
height 1.52 m (group means: 50.0 kg, 1.57 m). His father is of low average size: weight 
56.8 kg and height 1.68 m (group means: 60.8 kg, 1.7 m). His birth weight was 2.7 kg 
at full term. His growth pattern is typical of a genetically small normal infant, similar to 
most of the infants seen in the local Growth Clinic, Paediatric Department, Chinese 
University of Hong Kong, referred because of suspected failure to thrive or smallness for 
investigation (unpublished data). 
From the distribution of the weight and length of the infants according to the S.D.S. of 
the NCHS median (Table 12.9 & Fig. 12.3), more than half of the infants have weight 
(66%, 75%), height (56%, 69%) even more so weight for height (73%, 72%) (boys and 
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girls respectively) below the median of the NCHS reference. In other words there is a 
left shifting in the distribution of weight and height, amounting to about -1 S.D. of the 
NCHS reference between one to two years. This implies that the Chinese is a population 
whose body size is normally distributed and smaller than the Caucasian by about one 
S.D. 
Without recognising this genetic difference, Chinese infants with more than half of them 
growing below the 50th centile might be misinterpreted as malnourished (Li et al, 1978). 
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Table 12.1 (a) Comparison of growth between babies whose birth weight was below 
the 10th percentile (L) and those above 90th percentile (H) . 
Age,in n Weight, Kg Weight velocity^ Kg/yr Length, cm Height velocity®, cm/yr 
E H L H L H L H L • H -
Girls 
0.25 2 6 2.5(0.1) 3.9(0.3)* 46.5(1.4) 52.3(1.5) 
2 5 7 4.4(0.6) 5.6(0.6)* 12.6(3.4) 11.8(3.5) 54.0(1.3) 59.3(1.3)* 49.3(8.3) 49 2(8 2) 
4 4 6 6.0(0.6) 6.6(0.2) 8.5(2.0) 7-0(1.7) 59.8(1.2) 63:6(1:5” 32:1(5.8) 265(8*5) 
6 4 6 7.0(0.8) 7.2(0.4) 5.7(1.3) 3.1(1.6)* 64.3(0.7) 67.2(2.0)* 26.2(3.6) 21 1(3 9) 
8 4 6 7.7(0.7) 7.8(0.5) 4.7(2.0) 3.5(2.0) 67.8(1.0) 69.9(2.0) 21.6(4.8) 15 0(5 1) 
10 4 6 8.2(1.0) 8.3(0.4) 2.7(1.8) 3.5(0.8) 70.5(1.3) 73.0(2.1) 16.2(4.8) 18 7(4 9) 
12 4 6 8.5(0.9) 8.8(0.5) 1.9(0.6) 3.3(1.2) 73.7(0.9) 75.1(1.8) 19.2(5.0) 14 0(3 1) 
4 6 9.2(1.1) 9.5(0.3) 2.8(0.7) 2.5(1.1) 77.3(1.6) 77.9(1.8) 14.4(2.9) 10 9(1 8) 
18 4 6 9.8(0.8) 10.2(0.5) 2.1(1.3) 2.8(1.3) 80.4(1.6) 81.1(2.0) 11.8(2.4) 12 8(2 5) 
21 4 6 10.5(0.8) 10.7(0.7) 3.1(1.4) 2.1(1.2) 82.7(1.0) 83.0(2.5) 9.7(5 6) 7 7(3 2) 
24 4 5 10.9(1.0) 11.4(0.9) 1.7(1.1) 2.7(1.9) 84.9(2.2) 86.1(3.0) 9.0(4.8) 11.9(2:8) 
Boys 
0.25 4 5 2.6(0.1) 4.0(0.1)- 47.4(1.2) 52.5(1.6)* 
2 4 6 4.7(0.2) 6.0(0.5)* 13.6(1.0) 13.7(3.7) 54.6(2.0) 60.0(1.3)* 48.0(4.0) 50 5(2 0) 
4 4 6 6.1(0.4) 7.5(0.9)* 7.8(1.4) 8.8(2.2) 61.6(2.6) 65.5(1.0) 39.2(7.6) 31.3(3.7) 
6 3 8 6.6(0.9) 8.6(0.9)* 3.7(2.7) 6.6(2.5) 64.5(2.0) 68.9(1.8)* 16.6(0.9) 20 6(5 0) 
8 3 8 7.4(0.7) 9.3(1.1” 4.8(1.2) 4.3(2.3) 66.9(2.9) 71.8(1.6) 15.8(3.6) 18 3(3 5) 
10 3 8 7.7(0.8) 9.8(0.9)* 2.2(0.8) 3.2(1.2) 69.2(3.5) 74.0(1.4) 13.6(5.1) 13.6(4.3) 
3 8 8.0(0.7) 10.3(0.8)* 1.4(2.5) 2.7(1.7) 71.6(3.4) 76.9(1.3) 13.4(7.0) 17 3(3 5) 
15 3 9 8.6(0.9) 11.2(0.8)* 2.5(0.6) 3.3(1.1) 75.5(3.6) 80.2(1.7) 15.8(2.4) 12.6(4.7) 
3 9 9.2(0.9) 11.6(0.9)* 2.4(0.3) 1.6(1.5) 77.1(3.8) 82.8(1.6) 6.8(1.1) 10.1(3.3) 
21 3 9 9.8(1.1) 12.3(0.9)» 2.7(0.9) 2.7(0.9) 80.1(4.2) 85.2(1.9) 11.8(4.4) 9 8(3 9) 
24 3 9 10.3(1.3) 12.7(1.0) 1.9(1.1) 1.6(1.1) 82.3(4.7) 87.9(2.0) 9.0(5.0) 11.1(1.9) 
p � 0 . 0 5 
§ Velocity tabulated at any age period refers to velocity assessed between the age period and 
that of the last visit e.g. velocity in the row of 6 months refers to velocity between 4 and 
6 months. Midpoint being 5 months. 
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Table.12.1 (b) Comparison of daily energy and protein intake between babies whose birth 
w e i g h t was below the 10th percentile (L) and those above 90th percentile (H) 
/ H . ， e r g y ^ - K c a ^ Energy, Kcal/Kg Protein, mg Protein, mg/Kg 
L H L • H L H L H L H 
Girls -
‘ 6 301(71) . 419(56) 119(22) 108(20) . 6.5(1.3) 10.2(2.7) 2.6(0,4) 2.6(0.7) 
2 5 7 539(66) 573(67) 122(10) 103(14)* 12.0(1.3) 13.5(2.8) 2.7(0 2) 2 4 0 3 
1 6 564(34) 550(88) 95(16) 83(12) 14.6(3.1) 12.2(1.8 2 5 0 6 . 1 0 2 
• 4 6 595(116) 560f75) 86(13) 78(11) 19.1(9.9) 15.1(6.8) 2.7 1 2 2 1 0 8 
8 4 6 592(76) 670(174) 78(17) 88(24) 22.4(10.7) 21. 2(7.8 3 0 7 2 7 1 1 
4 6 679(126) 663(118) 84(18) 80(14) 25.3(5.0) 22.7(9.5) 3.1(0.8) 2*7 1*2 g 4 718(103) 88(9) 81(12) 30.1(3.6) 30.9(10.7) 3.6(0.6) 3：5(1：2 
‘ ‘ 】 ' ' ' 867(172) 115(33) 92(18) 49.6(15.1) 36.6(10.8) 5.4(1.5) 3.8 1.1 
i 4 6 1014(370) 816(186) 104(37) 80(16) 51.2(18.0) 37.3(16.9) 5.3(1.8) 3 6 1 5 
L . ‘ 丨 836(208) 85(20) 79(22) 42.9(11.3) 31.7(6.2) 4.1(0.8) 3：0 0：7 
4 5 971(276) 833(55) 89(25) 73(4) 47.2(14.2) 33.8(10.2) 4.3(1.3) 3.0(0：9) 
B o y s 
0.^5 4 5 349(65) 492(41)* 135(31) 124(7) 8.2(0.7) 11.0(0.9) 3.1(0.3) 2.8(0 2) 
2 4 6 483(155) 619(134) 102(27) 102(14) 12.0(4.4) 13.7(2.9) 2.5(0.8) 2 3(0*3) 
^ t 6 586(136) 676(87) 96(18) 90(14) 14.1(3.0) 15.0(1.9) 2.3(0.5) 2 0(0*3) 
I 3 8 620(180) 838(144) 95(33) 98(19) 23.5(13.6) 25.0(15.6) 3.7(2.5) 3 0(2*0) 
！ ® 3 8 663(46) 805(202) 91(14) 87(26) 25.6(2.9) 30.0(12.8) 3.5(0.7) 3 3(1'7) 
i 8 707(244) 933(281 ) 94(39) 95(29) 26.9(9.1) 39.1(7.4) 3.6(1.4) 4:0(0.9) • 
于 ， 3 8 1093(116) 1042(206) 138(19) 102(19) 50.7(3.5) 52.3(9.9) 6.4(0.6) 5 1(1.0) 
： i f 3 9 1072(78) 1077(280) 126(21) 97(28) 50.2(5.5) 53.7(17.4) 5.9(1.0) 4 9(1.7) 
3 9 972(222) 1021(292) 108(34) 88(26) 53.8(12.3) 49.5(16.1) 6.0(1.8) 4:3(1.5) 
： = 3 .9 1117(238) 1015(277) 113(12) 83(23)* 64.0(17.8) 49.9(15.5) 6.4(1.2) 4 1(1.3) 
‘24 3 9 1053(365) 1021(460) 100(24) 81(35) 57.3(23.5) 49.5(28.4) 5.5(1.9) 3 •• 9 (2 •• 2) 





Table 12.2 Comparison of parental weight and height of infants 
born <10th centile (L) and those >90th centile (H) of 
the whole group 
L H P 
. mean (SD) mean (SD) 
Girls 
Mothers' wt, kg 43.4 (0.3 ) 51.4 (3.9 ) <0.05 
ht, m 1.58 (0.03) 1.58 (0.03) ns 
Fathers ‘ wt, kg 58.8 (3.3 ) 63.1 (7.7 ) ns 
ht, m 1.72 (0.05) 1.72 (0.05) ns 
Boys 
Mothers‘ wt, kg 48.6 (4.4 ) 58.5 (6.0 ) <0.05 
ht, m 1.56 (0.03) 1.62 (0.05) ns 
Fathers‘ wt, kg 57.4 (4.3 ) 64.5 (5.0 ) ns 
ht, m 1.67 (0.03) 1.73 (0.06) ns 
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Table 12.3 (a) Comparison of mean (SD) daily energy and protein intake between infants who have 
grown beyond the tenth (L2) and ninetith (H2) percentile by 2 years 
Age，\2〜2 f r r g y ， E n e r g y ， K c a l / K g Protein, mg/Kg Protein, mg/Kg 
H2 L2 H2 L2 H2 L2 H2 L2 H2 
Girls 
3 4 335( 76) 367( 82) 119(18) 116(32) 7.5( 1.7) 8.9( 1.9) 2 7(0 4) 2 SCO 6) 
\ \ I ，(0”，。2) 596(149) 136(22) 105(20) 13.6( 3.2) 14.5 L o 3 0 0 5 2：5 0 \ t I 679(163) 101(13) 91(15) 12.6( 2 .6) 16 .4 ( 6 .9 ) 2 .3 0 3 2 2 0 7 
6 4 7 547 104) 686(158) 90(20) 80(20) 12.0( 2.4) 21. 1 7.5 * L o 0 4 2 5 ( 0 8 ) 
5 t 7 541( 71) 795(153)* 8 2 ( 9 ) 86(17) 20 .7 (3 .0 ) 36. 1 17.3 3 1 0 6 ^ 9 2*0 
0 ， 7 631(140) 843(142) 89(23) 84(12) 34.7(15.0 39. 1 L I 2 4 3 9(1 2) 
2 ) 7 827(223) 1054(323) 115(34) 99(26) 41.9(14.0 49.0 l o 5 8 2 0 l e n o ) 
« 1 7 1103(316) 114(31) 98(25) 45 .4 (13 .7 ) 50.8 12.3 L ：8 4：5 o ' 
？ / \ 1020(320) 104(15) 83(24) 48,1(10.0) 45.4(16.3) 5.6 1.0 I 7 1 2 * 
\ I SS8 234 1 2 3 6 0 2 4 ) 100(25) 95(22) 43.2(14.5) 58.9(20.0) 4.8 1.6 till 5) 
24 4 7 907(175) 1304(335) 97(19) 94(21) 41.8(16.3) 60.3(13.3) 4.5(1.7) 4：4(0：8) 
Boys 
0 ^ I 72) 443(112)* 102(37) 128(19) 7.9( 1.6) 10.7( 2.5) 2 7(0 7) 3 K O 6) 
2 6 8 468( 63) 651( 91)* 94(13) 112(14)* 11.2( 2.5 15. 2 1 4 * 0 6 0*3 
^ \ \ 524 69) 634( 91)=^ 84(13) 83(11) 12,2( 2.0) 14.8 L o * 2.0 0 4 1 9 S I 
6 7 8 663(210) 664(101) 98(32) 75( 9) 19.5( 9.5) 16.4 3.4 2 9 1 7 1 0 4 
’ 147) 769(102) 96(21) 81( 8) 25.6( 8.8 30.3 11.1 3 5 ：2 3 2 ( 1 3 ) 
0 7 9 780(160) 827(187) 103(21) 82(16)* 35.0( 5.8) 36.6( 9.2 4 5 0 6 3 6 0 9 
2 7 9 894(289) 819(231) 112(39) 78(21) 38.0 13.7 39 4 11 5 tvCl 8) 3 7(10) 
8 7 p 二(二 i) 970(259) 104(32) 85(22) 45.8(14.8 46：0 4 5 4 ： 1' ：3 
^ 7 丨 . 81(22) 50.0(13.3) 46.9(12.7) 5.5 1.7 3.8 1 * 
1} I I 963(175) 108(13) 74(14)* 57.4(11.5) 42.9(10.2)* 5.9(0.9) 3 3 0 8 
24 7 9 973(258) 1086(336) 97(23) 78(24) 52.2(19.0) 54.4(20.7) 5：2(1：8) 3：9(1：5) 
：P < 0.05 
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Table 12.3 (b) Comparison of mean (SD) of weight length and their velocities at each period 
between infants who have grown beyond the tenth (L2) and ninetith {H2) percentile 
by 2 years 
Age,m n Weight, Kg Weight velocity®, Kg/yr Length, era. Height velocity®, cm/yr 
L2 H2 L2 H2 L2 H2 L2 H2 L2 H2 
Girls 
0.25 3 4 2.8(0.2) 3.2(0.3) 47.7(0.6) 49.3(0.3)* 
2 4 7 4.4(0.4) 5.6(0.4” 9.5(2.4) 15.5(2.5)* 55.7(1.3) 57.1(1.0) 47.3(2.2) 45.9(7.5) 
4 4 7 5.5(0.4) 7.4(0.7)* 6.4(0.8) 10.4(1.S}* 60.6(1.9) 62.8(0.9) 29.3(4.0) 34.3(5.2) 
6 4 7 6.1(0.3) 8.6(0.7)* 3.6(0.8) 7.4(1.3) * 63.5(1.7) 66.8(0.9)» 16.6(4.2) 24.0(2.4}* 
8 4 7 6.6(0.5) 9.3(0.8)* 3.2(1.0) 4.2(1.6) 66.0(1.3) 70.2(0.5)* 16.1(3.5) 21.2(3.0) 
10 4 7 7.1(0.5) 10.0(0.9)* 3.0(0.9) 4.2(1.5) 68.9(0.9) 73.4(0.7)* 17.5(1.6) '18.7(1.7) 
12 4 7 7.2(0.5) 10.6(0.8)* 0.7(1.1) 3.8(2.9)* 71.2fl.l) 76.0(1.1)* 13.3(1.6) 16.8(4.2) 
15 4 7 7.9(0.5) 11.2(0.7)* 2.6(1.3) 2.5(1.3) 74.1(1.2) 8 0 . 0 ( 1 . 1 1 . 8 ( 1 . 9 ) 15.6(2.1)* 
4 7 8.5(0.5) 12.2(0.8)* 2.7(1.1) 3.8(0.8) 77.7(0.9) 83.4(1.4)* 14.9(2.4) 13.1(5.5) 
21 4 7 8.9(0.4) 13.0(0.9)* 1.4(0.7) 3.1(1.4) 79.7(1.3 ) 86.9(1.5)* 7.8(2.8) 14.1(6.6) 
24 4 7 9.4(0.3) 13.8(0.8)* 1.8(1.2) 3.3(1.3) 81.9(1.2) 89.8(1.4)* 9.0(1.1) 11.9(4.6) 
Boys 
0.25 4 7 3.0(0.4) 3.4(0.5) 48.6(2.6) 51.2(2.1) 
2 6 8 5.0(0.5) 5.8(0.5)* 13.0(1.8) 15.8(1.6)* 55.9(2.0) 59.0(1.7)* 43.7(5.9) 51.2(7.3) 
4 7 8 6.2(0.6) 7.7(0.5)* 7.0(1.2) 10.9(1.0)* 61.4(1.5) 64.9(1.6)* 32.0(6.9) 35.0(5.5) 
6 7 8 6.8(0.6) 8.9(0.7)* 3.5(1.1) 7.1(2.0)» 65.1(1.6) 69.1(1.5)* 21.9(3.1) 25.4(3.0)* 
8 7 9 7.3(0.4) 9.5(0.7)* 3.0(1.9) 3.7(2.4) 67.5(1.9) 71.9(1.4)* 15.1(4.4) 17.7(3.8) 
10 7 9 7.8(0.6) 10.1(0.6)* 2.7(1.1) 3.7(1.1) 70.0(2.5) 75.0(1.2)» 14.1(4.3) 18.2(5.3) 
12 7 9 8.1(0.6) 10.5(0.4)* 1.5(1.7) 2.4(2.0) 72.2(2.4) 77.3(1.0)* 11.9(6.2) 14.5(4.4) 
15 7 9 8.6(0.5) 11.4(0.6)* 2.3(0.8) 3.3(2.3) 75.4(2.2) 80.4(1.6)* 13.1(4.4) 12.7(3.4) 
18 7 9 9.2(0.5) 12.3(0.5)* 2.4(0.5) 3.9(0.8) 77.9(2.5) 83.9(1.4)* 9.8(6.4) 13.6(3.9) 
. 2 1 7 9 9.6(0.5) 13.1(0.4M 1.5(1.1) 3.1(1.8) 80.5(2.3) 86.8(1.6)* 9.7(2.8) 11.8(3.3) 
. 2 4 7 9 10.0(0.5) 14.1(0.3)* 1.5(1.0) 3.5(1.6)* 82.6(2.6) 90-0(1.1)* 8.8(5.2) 13.0(3.1) 
* p � 0 . 0 5 
g Velocity tabulated at any age period refers to velocity assessed between the age period and that of 
the last visit e.g. velocity in the row of 6 months refers to velocity between 4 and 6 months. 
Midpoint being 5 months. 
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Table 12.4 Comparison of parental weight and height of infants 
who have achieved weight at 2 years <10th centile 
(L2) and those >90th centile (H2) of the whole group 
L2 H2 p 
mean (SD) mean (SD) 
Girls 
Mothers' wt, kg 44.3 (3.2 ) 49.5 ( 7.9 ) ns 
Mothers‘ ht, m 1.56 (0.08) 1.59 ( 0.05) ns 
Fathers‘ wt, kg 57.2 (4.7 ) 64.0 (11.8 ) ns 
Fathers‘ ht, m 1.68 (0.04) 1.71 (0.09 ) ns 
Boys 
Mothers‘ wt kg 45.3 (3.1 ) 55.7 ( 6.2 ) <0.05 
Mothers‘ ht, m 1.54 (0.03) 1.60 ( 0.04) <0.05 
Fathers‘ wt, kg 60.0 (6.4 ) 63.5 ( 6.0 ) ns 
Fathers‘ ht, m 1.69 (0.06) 1.73 ( 0.07) ns 
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Table 12.5 Correlations of length and weight of the 
study infants with those of their parents: 
birth to 2 years 
Length 
FHT MHT 
Girls Boys Girls Boys 
D7 0.36* 0.14 0.14 0.10 
2 0.37* 0.13 0.27* 0.17 
4 0.44* 0.08 0.32* 0.13 
6 0.41* 0.23* 0.31* 0.19 
8 0.42* 0.33* 0.29* 0.21 
10 0.33* 0.27* 0.31* 0.23 
12 0.27* 0.22* 0.33* 0.22* 
15 0.27* 0.21 0.37* 0.27* 
18 0.28* 0.30* 0.34* 0.28* 
21 0.28* 0.30* 0.34* 0.31* 
24 0.25* 0.35* 0.33* 0.35* 
Weight 
FHT MHT 
Girls Boys Girls Boys 
D7 0.26* 0.11 0.28* 0.14 
2 0.17* 0.13 0.28* 0.01 
4 0.20* 0.04 0.28* 0.09 
6 0.17* 0.09 0.28* 0.19 
8 0.16* 0.05 0.28* 0.25* 
10 0.11 0.06 0.27* 0.23* 
12 0.14* 0.07 0.27* 0.22* 
15 0.12* 0.12 0.23 0.27* 
18 0.15* 0.14 0.25* 0.27* 
21 0.1* 0.12 0.30* 0.27* 
24 0.15 0.14 0.29* 0.28* 
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Table 12.6 Comparison of the mean (SD) weight and length of infants of 
Hong Kong (H.K.), Canada (C) and Australia (A) from birth to 
IS months 
- - . . 
Weight, kg Length, cm 
Age Sex H.K. C A H.K. C A 
Birth M 3.3M0.38) 3.5(0.48) 3.6(0.41) 50.1*(1.70) 52.2(2.75) 51.6(2.04) 
F 3.1M0.38) 3.4(0.44) 3.5(0.40) 49.1M1.70) 51.1(2.58) 50.7(2.01) 
3 m M 6.2(0.58) 6.2(0.70) 5.9(0.80) 60.5(1.79) 61.5(2.15) 60.7(1.99) 
F 5.6(0.56) 5.7(0.61) 5.6(0.59) 58.0(1.78) 60.0(2.18) 59.3(1.96) 
6in.M 7.9(0.72) 7.9(0.86) 7.9(0.88) 67.1(1.94) 68.0(2.32) 67.5(2.92) 
F 7.2(0.72) 7.4(0.76) 7.4(0.78) 65.5(1.78) 66.5(2.38) 65.9(1.94) 
12 m M 9.3M0.88) 10.0(1.08) 10.0(1.01) 74.9(2.20) 76.1(2.57) 75.9(2.77) 
F 8.7*(0.96) 9.4(0.96) 9.5(0.94) 74.0(2.08) 74.6(2.75) 74.9(1.88) 
18 m M 10.7*{0.98) 11.4(1.23) 11.6(1.07) 80.9M2.38) 82.8(3.03) 82.7(2.68) 
F 10.1*(1.10) 10.7(1.22) 10.9(1.07) 80.4*(2.40) 81.4(2.92) 81.7(2.67) 
* HK infants were smaller than both Canadian and Australian infants with 
p < 0.05 
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Table 12.7 Comparison of mean (SD) weight and height of parents, newborn 
and eighteen month old infants of Hong Kong (K.K.) and 
Australia (A) together with H.K." data expressed as SDS of the 
Australian data 
Weight, Kg Height, cm 
HK A S.D.S. HK A S.D.S� 
Father 60.5(9)* 76(11) -1.4 169(15) 177(7) -1.1 
Mother 50.2(6.8)* 61(10) -1.1 157( 5) 162(7) -0.1 
Birth 
boys 3.3(0.38)* 3.6(0.41) -0.7 50.1(1.70) 51.6(2.04) -0.7 
girls 3.1(0.38)* 3.5(0.4) -1.0 49.1(1.70) 50.7(2.01) -0.8 
18 month 
boys 10.7(0.98)* 11.6(1.07) -0.8 80.9(2.38) 82.7(2.68) -0.7 
girls 10.1(1.10)* 10.9(1.07) -0.8 80.4(2.40) 81.7(2.67) -0.5 
* p < 0.01 
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Table 12.8 Comparison of parental weight and height of infants 
whose weight at 2 years was <80% NCHS median weight 
for height (W) and the rest of the group (N) 
W N p 
mean (SD) mean (SD) 
Girls 
Mothers' wt, Kg 45.9 (4.6 ) 49.4 (6.0 ) < 0.05 
ht, m 1.55 (0.06) 1.57 (0.04) ns 
Fathers‘ wt, Kg 59.5 (6.5 ) 60.8 (8.0 ) ns 
ht, m 1.67 (0.04) 1.7 (0.07) ns 
Boys 
Mothers‘ wt, Kg 47.5 (4.5 ) 52.2 (7.7 ) < 0.05 
ht, m 1.56 (0.05) 1.57 (0.04) ns 
Fathers‘ wt. Kg 61.3 (7.8 ) 61.0 (7.5 ) ns 
ht, m 1.71 (0,04) 1.70 (0.07) ns 
181 Table 12.9 SDS of weight for age, height for age and weight for 
height of study infants at 2 years compared to the 
NCHS median 
SDS 
-4 to -3 to -2 to -1 to 0 to +1 to +2 to 
- 3 -2 -1 0 +1 +2 +3 
Wt. for age 
.Girls 0 2 (3%) 19 (28%) 24 (35%) 18 (25%) 4 (6%) 1 (2%) 
Boys 0 2 (3%) 26 (33%) 31 (39%) 15 (19%) 5 (6%) 0 
Ht. for acre 
Girls 0 0 14 (21%) 24 (35%) 25 (37%) 5 (7%) 0 
Boys 1 (1%) 1 (1%) 12 (15%) 41 (52%) 21 (27%) 3 (4%) 0 
Wt. for Ht. 
Girls 0 1 (1%) 18 (27%) 31 (46%) 13 (19%) 4 (6%) 1 (1%) 
Boys 0 1 (1%) 20 (26%) 35 (45%) 19 (23%) 4 (5%) 0 
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CHAPTER THIRTEEN PRACTICAL IMPLICATIONS OF THE STUDY 
In conclusion，the present day infants in Hong Kong are well fed, at least in their major 
nutrient intake. Because of the limitations and confusion in using the so called 
international references to interpret either the dietary intake or physical growth, wrong 
interpretation of the actual nutritional status readily arises. Although there is still no solid 
evidence of overnutrition emerging in the local infants, one needs to be alert because 
overnutrition is a common problem associated with affluence (Passmore and Eastwood, 
1986). 
13.1 Present Infant Feeding Practices 
Infant feeding practices depend on tradition, influenced by fashion and modified by recent 
advances in the knowledge on what is best for infants. It is to the advantage of local 
infants that the local child health services are continually monitoring the practices in their 
area and adjusting advice and health education accordingly (Wharton, 1982a; 1982b). 
However, there has never been such an initiative or plan in the Family Service in Hong 
Kong. This thesis serves to reflect the characteristics of the present day infant feeding 
practices in Hong Kong, serving as an important source of reference. 
i) The majority of babies are bottle fed with infant formula. Being a free market, there 
are numerous brands of infant formula. With the 1981 WHO international code for 
marketing of breast milk substitute, the manufacturers have an agreement that starting 
infant formula should not be advertised in the mass media. But this does not apply to 
follow up formula. Therefore, while the brand of starting formula used in any new born 
baby is decided upon by the hospital administrator according to the rotation policy -
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usually one brand for three months, the brand of follow up formula is decided upon by 
the parents, influenced very much by advertisements appearing in the mass media of the 
time. This explains partly why babies are shifted from starting formula to follow up 
formula soon after six months. The local price of follow up formula is near to that of 
starting formula because of the extra charge to cover expenditure on the former. Another 
reason is that the health workers in the local MCH advise parents to change over once 
they reach six months in order to obtain more protein (Section 9.2), which I think is 
unnecessary. 
ii) The Hong Kong Chinese weaning diet is in fact a very good one. 
a) Continued consumption of infant formula throughout the weaning period has ensured 
an adequate supply of energy and protein, minerals and vitamins necessary for growth 
(Wharton, 1986). With the present high attendance at the local MCH together with the 
present social and educational background of the parents, babies are safely fed with clean 
and suitably reconstituted infant formula. Rarely wrong dilution was made in spite of the 
fact that some formula need to be reconstituted one to one (one scoop to one ounce water) 
while the rest one to two (one scoop to two ounce water). 
b) Late introduction of solids after four months and the use of rice as the first solid is 
considered the best for the health of infants, from the points of preventing obesity and 
allergy (Fomon et al, 1979; DHSS, 1980; Poskitt, 1980; Seward and Serdula, 1984). 
Thirty percent of the total energy consumption (from milk and solids) derives from fat, 
which is a good start of a healthy diet in relation to long term prevention of overnutrition 
problems especially coronary artery disease (WHO, 1982; DHSS, 1984). 
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The high protein intake from follow up formula and meat/fish reflects if anything the 
over-conscientious approach to feeding young infants in order to prevent undernutrition 
in the weaning infants. Emphasis should therefore be made to the public that continuing 
to feed infants with infant formula through the weaning period is the safe way to ensure 
adequate nutrition. The purpose of weaning is to allow infants to become accustomed 
gradually to the variety of balanced good foods of the adults. So long as the quality of 
infant food is good, infants will decide on the amount they need (Ounsted and Sleight, 
1975). Forced feeding is unnecessary and may be harmful - physically and 
psychologically. 
iii) Breast feeding is still unpopular in contrast to many countries (Wharton, 1982b; 
Myeres, 1979; Martinez et al 1981). Whether the slightly higher incidence of diarrhoea 
in the Hong Kong Chinese babies than in the Southern Chinese in Guangzhou, where 
breast feeding is more popular, was related to the lower incidence of breast feeding is 
difficult to prove (Pang et al, 1987). But in view of the advantages of breast milk for 
infants, promoting breast feeding should be encouraged, the details of which are beyond 
the scope of this thesis. 
13.2 Contribution to Current Knowledge on Infant Feeding 
i) The energy intake of the study infants can be considered as that required for their 
normal growth. The energy requirement per kilogram in the first two years of life 
describes a triphasic curve which might have certain important physiological implications 
(refer Fig. 7.3). 
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The first phase, a falling intake over the first six months follows closely diminishing 
weight velocity reflecting decreasing needs for growth. The second phase, an increase 
to reach a peak at 15 months, can be explained by a gradual increase in demand to cope 
with newly acquired motor skills -crawling, walking and playing. The third phase occurs 
after 15 months, when there is a slight decline, which is compatible with the time that 
infants reach a stage more of speech development which does not require as much energy 
as learning motor skills. 
The shape of the curve of energy requirement would not have been observed had all 
energy data been pooled and the mean energy intake calculated over a long period of time. 
Corresponding to this energy per kg curve, the curve of total energy intake is curvilinear 
with two plateaus, one between four to six months and the other between 15 to 24 months 
(refer Fig, 7.2). These two plateaus correspond to the timing of two common phenomenon 
which often concern parents and doctors. Firstly, from four months onwards milk 
production by breast or milk formula consumption remains stable at around 800 ml. 
Secondly, infants approaching two years seem not so interested in food. Both phenomena 
are in fact physiological. Without this recognition，unnecessary worry or even iatrogenic 
problem of forced feeding might arise. 
ii) If the mean volumes of milk consumption at each two monthly interval for the first 
six months are compared with the volumes recommended by the manufacturers of various 
infant formula, marked discrepancies emerge. The consumed volumes are more than 
recommended in the initial two months, and much less at four to six months (Fig. 13.1). 
This explains why many local parents complain about their babies not being able to be 
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satisfied around the second month even after they have given the volume recommended 
on the tin. Many mothers would then give more to the babies and let them decide how 
much they need (Leung et al, 1986). However, in Guangzhou, a city in South China, 
where many imported infant formula are now available because of the local open market 
policy, many mothers do not increase the milk volume but instead add in rice cereal or 
rice powder to satisfy their babies' need (personal communication). This early 
introduction of solids may lead to obesity. Also, many local mothers are worried when 
their four to six month old babies consume less than recommended. As at this stage there 
is slower weight gain than before, parents not knowing that it could be physiological 
suspect that their babies do not agree with the brand of infant formula. Changing from 
one brand of formula to another is therefore a common practice around this period. 
This discrepancy between the actual and recommended intakes arises because the volumes 
recommended by the manufactures of various infant formula remain those based on the 
1973 recommendation for energy requirement (FAO/WHO, 1973). If parents of bottle 
fed babies are advised to feed their babies on demand, just as with breast feeding, with 
full-strength infant formula, there should be no problem. However, if manufacturers 
decide to recommend volumes at any particular age, they should be updated with the 
present knowledge of energy requirement. In addition to a mean volume, a normal range 
should also be recommended as well because the normal range is so wide (Leung et al, 
1988c). 
13.3 Updated Growth Standards of Hong Kong Chinese Infants, Birth to 2 years 
The growth charts prepared by Chang et al (1965) have been used for the past two 
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decades by most doctors who work with Chinese children in Hong Kong. However, these 
are generally now recognised to be outdated making interpretation of health of the present 
day children difficult. It is especially important in the first two years, when monitoring 
of growth and health is crucial. 
The Family Health Service and Statistical Unit (1978; 1985) have already reconstructed 
growth charts from surveys carried out in the Maternity and Child Health Clinics. 
However, doctors of all Government and University hospitals, private practitioners and 
paediatricians in private practice are still using Chang's reference to assess health and 
growth of children. Hence there are sometimes discrepancies in the interpretation of an 
infant's growth, depending on the clinic to which the infant is brought. 
In order to serve our children better, an updated growth standard is needed which can be 
generally adopted. Why wasn't the 1985 growth data obtained from the MCH accepted 
generally as a local standard? The methodology employed in their study is in many ways 
inferior to this present study and that might have deterred it from acting as a general local 
standard :-
i) The gestation of babies at birth was not mentioned, neither the health status of the 
sample children. The infants were randomly chosen from the Maternal Child Health 
Clinic to which children were often brought for treatment for minor illnesses other than 
for routine immunisation. 
ii) Examination of the 8000 children was performed in over 17 centres within one month 
by numerous nurses and midwives whose reliability of measuring technique has not been 
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described. Accuracy of equipment was also not mentioned. Presumably, the equipment 
used and techniques of measurement in the various MCH Centres were those used in day 
to day clinic practice and not as precise as those used for research purposes. As shown 
previously in Table 9.1, the mean weight and head circumference of the study infants 
were close to the MCH data, but not the length. As length is a more difficult 
measurement, data on length in the present study should be more reliable. 
iii) Infants were weighed wearing light underwear using a spring balance to one decimal 
place. In the present study nude weight was obtained to 3 decimal places using a much 
more accurate beam balance scale. 
iv) Children were classified into monthly age groups under the age of six months, three 
monthly age groups from six to 24 months which is an acceptable way to group cross-
sectional data. However, because the growth rate of infants is so great, strict timing as 
in our study, 土 7 days, should give much more precise data. 
It is generally recognised that measuring infants requires much patience and skill: any 
larger number might be compromised by inaccurate measurements. This is why in the 
world literature, there are so few reports of precise growth data on infants in contrast to 
those of older children. 
The present longitudinal study commencing with 174 newborns and ending up with 150 
infants at two years contains about 1800 observations over two years for each growth 
parameter which in fact is not too few. Moreover, the simultaneous study of their dietary 
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intake and health status provides essential evidence and support for the cohort being a 
healthy group of infants from which the standards are derived. I would therefore like to 
propose these data collected from 174 full term healthy infants measured between 1984 
and 1986 be used as a local standard for infants from birth to two years (Leung et al, 
1988d). 
13.4 Implication for Further Research 
Hong Kong Chinese infants born in the 1980s are adequately nourished: their parents were 
born more than twenty years ago when their nutrition at infancy was not as good, which 
might have constrained foetal growth and to a certain extent childhood growth of the study 
infants. Will these study infants grow up to be much taller adults than their parents? 
How many generation does it take for children to manifest their full growth potential ？ 
Or, are there any unidentified factors that might be hindering optimal growth of children -
e.g. zinc deficiency, nutrient deficiency in later childhood or adolescence, limited 
physical activity as a result of limited living space, tension in the parents, hurried life 
style, etc. On the other hand how common is childhood obesity, a sign of overnutrition, 
an emerging problem in most developing countries and having an important implication 
on future health and morbidity during adulthood. Most obesity of childhood begins to 
manifest after 5 years of age. Are we sowing any seeds of overnutrition during infancy? 
Is it the time to prevent overnutrition in childhood? If Chinese are brought up in Europe 
or America consuming a similar diet to that of the study infants, would they achieve a 
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APPENDIX I Graphic smoothing of means & sds 
A. SD of weight and length - observed (• )/( *) & smoothed (一） 
B. Lines joining means of weight & height velocity - observed (- -)/(—) 
C. SD of weight & height velocity - observed (• )/( *) & smoothed(一)/(一） 
D. Centile values of triceps & subscapular skinfolds - observed (• ) & 
smoothed (一) 
E. Centile values of daily energy intake, total & per unit mass -
observed (• ) & smoothed (—) 
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APPENDIX II Typical daily activity of infants，birth to one year 
At birth 
Following the Chinese tradition, the baby before one month old is not supposed to go out. He would stay at home most ot the time. He was on bottle feeding. Before the early morning feed, mother would give him a bath. Every three hours mother would give him 3 oz of Enfamil. He could finish up most of the bottles except one or two times in a day when 1/2 oz might be left. After each feed mother would check and change the napkin if it was soiled. He was usually fast asleep except at the time when he was fed or when the napkin was wet. 
2 months 
He usually woke up at 7 a.m. and took 5 oz of Enfalac then he would sleep again until 9 a.m. After giving him a bath, mother would carry him to the market in a stroller. At 11 a.m. he would have another bottle of 5 oz, then he might sleep for 1/2 - 1 hr. Glucose water was given at 1 p.m. He usually took a two hour afternoon sleep after finishing with the bottle of milk at 3 p.m. Again glucose water was given when he woke up. At 6 p.m. he might be carried down to the playground to have a walk for 1 hr. After that another bottle of 5 oz was given. Then, he would sleep for half an hour and then played with the family members Before he was put into his own cot around 11:30 p.m., he would usually finish the bottle of 5 oz milk. 
4 months 
At 6 a .m. baby took the first bottle of Nan 5 oz and then slept again till 8 a.m. Plain water would be given when she was awake. She would then be carried on the back while mother took her sister to school. Mother gave her a bath at 9 a.m. and she usually took 5 oz of milk afterwards. Again she was being carried on the back when mother went to market. She slept while on mother's back for 1/2 hr. and then was carried along to collect her sister from school at 12 noon. At 1 p.m. she had another milk feed of 5 oz then slept for 2 - 3 hrs. Usually she woke at 5 p.m. and took another 5 oz of milk. She might be taken out to the playground together with the sister when father came back from work. The family usually had their dinner at 7 p.m. She would be given a section of orange to suck when the whole family enjoyed their fruits. Then the baby would have the last feed of 4-1/2 oz at 9 p.m. 
6 months 
Baby woke up at 7 a.m. and took 7 oz of milk. He would then be carried on the back when grandmother went to the market. He might fall asleep for 1/2 hr. when grandma prepared congee for him. Half bowl (4 oz) of congee cooked with sliced pork was usually ready at 10:30 a •m. He took the congee leaving behind the pork followed by 1 - 2 oz of plain water. At 12 noon scraped apple was given, usually he could finish half of an apple. Then he would sleep for 2 hours. At 3 p.m. he would have another 7 oz of milk. Before parents came back at 6 p.m., he usually slept for 1/2 hr. Then he took another 7 oz of milk before he was carried down to the playground by the parents. Around seven in the evening, he took 1 teaspoon of fish flake and 2 teaspoon of orange juice while the parents were having their dinner. Round about 11 p.m. he would have the last bottle of 7 oz before he went to sleep. 
8 months 
Everyday she took the first bottle 6 oz at 5:30 a.m. and slept again until 8 a.m. She was carried along on the back when mother took her sister to catch the school bus. Mother usually gave her a bath before she had the bottle of 5 oz at 10 a.m. Then she would be carried along when mother went to market. She might fall asleep for half to one hour before she had her lunch at 12 noon, which included a bowl of congee with either fish or minced meat and chopped vegetable. She usually took 2 - 3 oz of orange juice afterwards.She was carried along by mother while mother went to pick up her sister downstairs at 12:30 p.m. When mother and sister were having lunch at 1 p.m.，she usually asked for 1 teaspoon of fish flake. After that she took a few mouthsful of plain water and then slept until she had the next bottle of 6 oz at 3 p.m. A piece of teething cracker or 1 - 2 mouthsful of ice cream might be given when her sister was having the afternoon snack at 4 p.m. At 6 p.m., she would have another bowl of congee with the same consistency and meat as that of lunch. The family had dinner at 7:30 p.m. and the parents usually gave her a piece of vegetable to suck just to keep her occupied. After dinner she would enjoy her fruit: half of scraped apple or half of a banana or smashed grapes. Then the last bottle of 6 oz milk was taken at 9 p.m. before she went to bed. 
10 months 
She usually woke up at 8 am and took 6 oz of milk. Mother would give her a bath at 9:30 a.m. and carried her to the market. She might then take a nap at 11 a.m. and wake up at 12 noon for her lunch which consisted of 1 bowl of congee with either fish or minced meat. At around 2 - 3 p.m. before she slept again she would finish another 6 oz of milk. Then she usually woke up at 5 p.m. and shared her sister's snack such as 1 - 2 mouthful of a roll. At 6 p.m., baby would have another bowl of congee of the same consistency and contents as that for lunch. When the family had dinner at 7:30 p.m., she would take a teaspoon of fish flake and one or two grains of cooked rice. Occasionally she drank a small bowl of adults' soup. Usually the whole family took fruit after dinner and she would take her own share at the same time，which could either be half of an orange, half of a banana or 3 - 4 grapes. She usually took a bottle of 6 oz and went to bed at 10 p.m. 
1 year 
She took her first bottle of 8 oz milk at 7:30 a.m. and then had a quarter slice of bread when 
her parents took their breakfast. Mother usually bathed her at around 9:30 a.m. and carried 
her along to the market. She then slept for about 1 hr. and woke up for her lunch which 
usually included 1-1/3 cup of soft rice with either minced meat or fish and fruit which could 
either be 1/4 of an orange or same amount of apple, plum or watermelon. 2:30 p.m. was the 
snack time, at which she enjoyed her 4 oz of orange juice and a piece of biscuit or cookie. 
Then she would sleep until the next feed at 5:30 p.m. She took the same type of soft rice as 
that for lunch. After finishing the bowl of soft rice she might be carried out to have a walk 
in the playground. 7 p.m. was the parents' dinner time when she would ask for a tablespoon 
of fish flake and a piece of vegetable. Occasionally she would take a small bowl of the 
adults, soup. Fruit was usually served after dinner and she took the same amount as that she 
took in the lunch time. Last bottle of milk 8 oz was usually taken at 10 p.m. before she went 
to bed. 
APPENDIX III Significant illnesses of infants whose weight was <80% NCHS median 
weight for height in the first 2 years 
Girls 
ID No. Month Diagnosis 
005 20 Chicken pox 
012 1 Pneumonia* 
12 Pneumonia 
031 3 Diarrhoea 
12 Bronchitis 
033 - -
039 6 Diarrhoea 
17 Diarrhoea 
20 Gingivitis 
060 4 Diarrhoea 
7 Bronchitis 
077 4 Bronchitis 
080 1 - 9 Infantile Eczyma 
100 6 Diarrhoea 
7 Roseola Infantum 
103 6 Diarrhoea 
111 9 Diarrhoea 
145 3 Diarrhoea 
9 Roseola Infantum 
164 3 Diarrhoea 
10 Diarrhoea 
15 Diarrhoea 
072 3 Diarrhoea 
9 Roseola Infantum 
15 Pharyngitis 
21 Bronchitis & Tonsillitis 
* hospitalised 
Boys 
ID No Age.m Diagnosis 
003 11 Fever 
Fever* 
052 5 Diarrhoea 




094 10 days ID of Abscess* 
4 Diarrhoea 
17 GE & Pharyngitis 
20 Tonsillitis 
097 3 Diarrhoea 
5 Diarrhoea 
129 22 Asthma* 
126 2 Pneumonia* 
6 Bronchitis 
7 Asthma 
14 Roseola Infantum 
142 - -
147 19 Fever 
170 3 Herniorrhaphy* 
4 Diarrhoea 
12 Diarrhoea 
173 5 Diarrhoea 
12 Pharyngitis 
* hospitalised 
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A better guideline on milk requirements for babies 
below 6 months 
S.S.F . LEUNG, S. LUI, L. LO and D.P. DAVIES 
Department of Paediatrics, The Chinese University of Hong Kong, Prince of Wales Hospital, Shatin, New Territories,-
Hong Kong 
Abstract The volume of infant formula required for babies below the age of 6 months continues to pose problems 
both for parents and child health care workers. To investigate this, about 150 bottle-fed babies were studied every 
2 months from birth for their milk intake and weight gain. They were fed on demand with full strength infant formula 
and weaning was started at about 4 months. Weight gain was normal, with growth patterns comparable to Cambridge 
babies. The mean (s.d.) daily milk volumes in millilitres consumed were: 582 (144), 847 (163), 851 (176), 812 (219) at 
7 days, 2, 4 and 6 months, respectively. With such a wide range of milk intake at each age, it would be inappropriate 
and misleading to provide a single mean recommended volume. Thus, percentile values are suggested as a better 
guideline for recommended intake. Estimation was made for the volume of milk required if milk was the sole source of 
energy for the first 6 months. 
Key words: energy; infant formula; percentile; volume. 
Although the incidence of breast feeding has increased during undertaken, based upon their type of accommodation which, 
the past decade in many countries,口 a considerable number according to the housing policy, reflects their family income: 
of babies still depends on artificial feeding, especially after one in three babies from low cost rented flats were chosen 
2-3 months. Many parents ask how much milk their babies and one in two from self-owned private flats. The study was 
require, especially when they are noticed to take less than explained to parents making it clear that advice on feeding 
the recommended amount. Recommendations for milk require- would not be given by the research team members, but 
merits have previously been based on mean v a l u e s , a n d it obtained during routine MCHC visits. They were required to 
has been suggested that babies increase their milk intake to return by appointment at 2 monthly intervals ( ± 7 days). All 
about 1200 ml at 6 months, even though studies have shown were born full term to healthy mothers and without perinatal 
that their thriving, healthy breast-fed babies had a much lower complications. The average age at recruitment was 7 days 
intake.7,8 A similar study on bottle-fed babies in their first (range: 3-12 days). The initial cohort comprised 174 babies, 
6 months would be difficult to perform in a population where 94 boys and 80 girls; 164, 160 and 158, respectively, were 
there is an increasing trend towards breast feeding. Information seen at 2, 4 and 6 months. The 9% overall default rate was 
on milk requirements would be of value to parents, doctors due mainly to movement of families out of the area, 
and nurses, and could be used as an indication of under- At each visit, a detailed dietary history was obtained using 
feeding or overfeeding. Taking advantage of the situation in the recall method^ on a typical day close to the visit and 
Hong Kong, where babies are predominantly bottle-fed and counterchecked by the frequency of various food groups 
weaned late, a prospective study was set up to determine eaten. Dietary intake of bottle-fed babies was analysed. The 
volumes of formula milk intake in the first 6 months of life. brand of infant formula, method of reconstitution and volume 
of milk consumed were noted and its energy content was 
subsequently calculated from the information provided by the 
CLINICAL MATERIALS AND METHODS manufacturer. Where babies had commenced rice porridge 
(congee) the major weaning food of Chinese, the mother (or 
Between June and December 1984, all babies who were childminder) was given a pail of rice and asked to show how 
brought to the Maternal and Child Health Clinic (MCHC) in she measured the raw rice and prepared it for cooking. The 
Shatin, a new township of Hong Kong, for their first routine size of a handful of rice, a particular bowl or measuring cup 
check up after delivery, were seen. In order to provide a was indicated with different sized bowls, measuring cups and 
more representative sample of Hong Kong, a selection was spoons being displayed to facilitate recall. The amount of raw 
rice was then weighed and its energy content calculated using 
food t a b l e s . F r o m the amount of congee consumed energy 
Dr S. S. F^ Leung. Paediatric Department. Prince j^take was estimated. Intake of other foods was assessed in 
of Wales Hospital, Shatin, NT, Hong Kong. . 
S. S. F. -Leung, MBBS, MRCP(UK), Lecturer. S. Lui, MA, RD, ^ Similar manner . 
Research Dietitian. L. Lo. RN, Research Nurse. D. P. Davies, MD, Any i l lness within the period was recorded, using the diag-
FRCP, Professor and Chairman. nosis given by the doctor at each fol low-up consultat ion. 
Accepted for publication 4 March 1988. Naked bodyweight was obtained using a Secca beam balance 
Milk requirements for babies ^gy 
scale accurate to ± 5 g. Weights were compared with the (a) , 9 0 
NCHS14 and Cambridge^ ^ references. Student's Mest was , , 
used throughout to test the significance of difference in mean / Z 
values, and Pearson's r to study correlations between energy 8 - Z ^ 5 0 
intake and weight gain. / Z ^ ^ ^ ^ ^ ^ ^ 
RESULTS / Z'O 
Social background 6 - Z 
^ / y ^ z z . 
The average age of fathers was 31 years (range: 19-43) and 5 / / y ^ 
of mothers, 27 years (range: 17-37). Eighty-two per cent ^ / Z 
of babies were either first or second born. Only one baby 冬 4 - 々 
belonged to a single parent. Average combined family income 多 , , 
was HK$5390 (US$1 = HK$7.8), and the median was HK$4000. / 
Seventy-three per cent of fathers and 62% of mothers had 
received education beyond primary school. Two-thirds of the 2 
babies were looked after by their mothers for the first 6 ‘ 
months. 
Feeding pract ices „ i ；f ‘ ‘ 
U 2 4 6 
Fifty-two babies (30%) were put to the breast at birth. At the 
time of recruitment (mean = 7 days) this number had fallen 
to 46 (26%). At 2, 4 and 6 months only 14 (8%), 7 (4%) and (⑴ 
4 (2%), respectively, were being breast-fed. The numbers of ^ ^ 90 
bottle-fed babies studied were therefore 128, 150, 152, 153 8 -
at day 7’ and 2, 4 and 6 months, respectively. The milk Z 50 
formulae given were many and varied, reflecting Hong Kong's z 
open market policy for infant formulae. All these milks have / Z 
an energy content of 67 kcal per 100 ml after reconstitution , 
and were fortified with iron and vitamins, complying with / , 
international s tandards."“®,” 八丨丨 babies were fed with formula / ^ ^ 
reconstituted as recommended, except for two babies who 一 / z 
were given overconcentrated milk for a brief period; some 5 / ^ ^ 
babies were also given dilute milk on occasions when they ^ ^ / y ^ / Z 
were constipated. Other than occasional barley and rice water z i r / Z 
given with the intention of combating passage of hard stool, ^ / 
solid foods were not introduced before 2 months. At 4 months , 
about one-third of the babies were given small amounts of 2 -
iron-fortified cereal, usually, but not exclusively, rice-based 
(following MCHC guidelines), not to replace a milk feed, but 
to accustom babies to the taste and texture of solid foods. 
By 6 months it was common practice (in 91 out of 158 babies) , I , 
for one meal of congee to have replaced a meal of milk. 0 2 4 6 
Age (months) 
Health 
Fig. 1 The mean weight curve (——)of (a) boys and (b) girls plotted 
Gastroenteritis was the most common illness with 48 episodes 。门 the NCHS 10th, 50th and 90th percentile (— - ) over the first 
in 44 babies, four needing admission to hospital for brief ® months, 
periods but none progressing to chronic diarrhoea. Four infants • 
required admission to hospital with lower respiratory tract 
infection, one for haematemesis and one for vomiting. ^ . , , .,, . , , ^  w ^ ^  u u- ,,,�� 
^ Table 1 Volume of milk ingested by bottle-fed babies (ml/day) 
„ 」 . L i Age n Volume Volume per kg Percentiles 
B。dyweight s.d. X s.d. 10 50 90 
The mean average curve did not differ significantly from the 7 days 128 582 144 182 45 420 600 720 
NCHS reference (Fig. There were also close similarities 2 months 150 847 163 163 31 630 840 1080 
with the Cambridge data which were derived from breast-fed 々 months 152 85i 176 129 27 630 840 1050 
babies weaned at about 4 months (Fig. 2). 6 months 153 812 219 108 29 540 825 1095 
190 S. S. F. Leung et al. 
(a) Boys (a) 
^^ ^^ ^^ ^^ ^^ ^ — I 800- z Z 90 
i ！ 60�-— — ^ ^ 『 z 一一一，。 
^ 400- Z /厂 
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1 1 1 
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(b) Gir ls 
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-106 … 160-1 NA i I \ / \ \ -102 S 2 140- \ 
斗,A i i \ 0 / 2 4 6 ^ ^ \ T - r - \ V > 
Age (months) i_ X S. 100- X \ 
Fig. 2 Mean weights of Hong Kong ( • ) and Cambridge (〇）infant % 
(a) boys and (b) girls from birth to 6 months, expressed as a per- £ 
centage of the NCHS median. ^ ^ <- ^ X ^^ 50 S 80- z Z \ 
Volume of milk intake \ 
云 X 
Q 
The range of milk intake at any age was wide (Table 1). ‘ '0 
The mean value rose significantly from 582 ml at day 7 to , 1 
847 ml at 2 months, but then changed very little to 851 ml 0 2 4 6 
at 4 months (NS). There was a plateau of about 850 ml at Age (months) 
2 -4 months, but this was not associated with the general 
introduction of solid foods since only one-third of the babies pig. 3 The 10th, 50th and 90th percentile of the energy intake of 
were given small amounts of solid foods. After 4 months, there boys ( — ) and girls ( — ) expressed as (a) daily energy intake and 
was a slight fall of milk volume to 812 ml as more babies ⑶ daily energy intake per unit bodyweight. 
were given solid foods. On a daily per kilogram basis, these 
would amount to 182, 163, 129 and 108 mi at day 7’ 2’ the standard deviations (s.d.) and the percentile values. The 
4 and 6 months, respectively. What is especially striking difference between the 10th and the 90th percentile averages 
however is the very wide range of milk intake, as shown by about 400 ml. 
Table 2 Mean (s.d.) of energy intake per day in babies aged less than 6 months Girls Boys 
n _ kcal MJ n kcal MJ 
X s ^ X s.d. X s.d. X s.d. 
7 days 59 380 75 1.59 0.3 69 390 110 1.63 0.5 
2 months 74 540 100 2.26 0.4 76 591 • 115 2.47* 0.5 
4 months 74 552 117 2.31 0.5 77 608* 108 2.5A' 0.5 
6 months 75 599 133 2.50 0.6 78 680' 152 2.84' 0.5 
0,05 (Student's t test). 
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Table 3 Mean daily energy intake (kcal/kg) in infants aged greater countries7,i8’">9,20 and is consistent with the recommendat ions 
than 6 months compared with other studies of the 1985 FAO/WHO/UNU report^^ (Table 3). 
— Correlations between energy intake and bodyweight at each 
Age (months) age are listed in Table 4. The heavier the baby, the greater 
^ 2 4 6 was the need for energy. Corrected for body mass, there was 
Present study ~ ^ ^ a slight negative correlat ion with weight, but this was not 
Whitehead et al. (1981)^ 115 102 90 85 consistent. 
Persson et al. (1984)^ ® — — — 87 
Dewey and Lonnerdal (1983)i9 113^ 105 - 93 89 
Yeung et al. (1980严 120 — — 93 Estimated milk volume requirement 0 - 6 months 
FAO/WHO/UNU (’985)21 124 114 101 95 
~ ~ r : The total daily average energy intake of the babies was 7 days, n month. , , , , , … „ , . converted to an equivalent volume of full strength infant 
formula, calculated by: daily energy consumption x 0.67. This 
Table 4 Correlation between daily energy intake and bodyweight at would amount to the milk volume required for normal growth, 
each age with milk as the sole source of energy. Figure 4 shows the 
； 10th, 50th and 90th percentile values with curves smoothed 
Weight by hand and extrapolated to age at birth (Fig. 4). The corres-
7 days 2 months 4 months 6 months ponding volumes at birth and each month were read from the 
Energy intake per day curves and listed to the nearest 10 ml in Table 5. 
Males 0.50* 0.51* 0.21 0.27* 
Females 0.26* 0.27* 0.37* 0.37* 
Energy intake/kg per day Table 5 Estimated daily volume of full strength infant formula 
Males 0 07 0 03 - 0 30* - 0 17 required (100 ml provides 67 kcal) if milk was the sole source of energy 
Females -0 .3* -0.32* -0 .16 -0 .12 (to the nearest 10 ml) 
* P < 0.05 (Student's t test). Age (months) Percentiles 
10 50 90 
Birth 300 500 650 
1200- 1 550 660 970 
2_4 630 810 1080 
5 680 840 1100 
“ 6 710 880 1200 
E 1000 -i / / — “ DISCUSSION 
> / 
二 / 10 The studied babies were healthy and thrived well. According 
^ 丨 y / to the present MCHC policy, they were advised to be fed 
600- / ^ ^ on demand. We believe their intake represented what they 
E / required for their physiological needs. The important findings 
5 Z are listed below. 
山 400 - / (1) As a group, energy intake per day does not increase 
/ with age between 2 and 4 months. Unless this is recognized, 
there may be unnecessary worry and perhaps incorrect diag-
nosis of underfeeding. Our local experience is that mothers 
Q ^ ^ > very often change formula around this period because of 
I , “ 、 6 suspected refusal of the original formula, a decision made Age (months) ^ ^ - l . “ . , either by their own choice or after persuasion by health 
Fig. 4 Estimated volume of milk required per day with milk as the workers or infant food promoters. 
sole source of energy. (2) There is a fall in energy requirement per kilogram over 
the first 6 months, with the most significant fall taking place 
between 2 and 4 months. Without this knowledge, unnecessary 
Energy intake supplementary food might be given. 
(3) Although big babies tend to eat more than small babies, 
Whether the total energy intake from milk and solids was it was found that heavier babies when corrected for body-
expressed as per day or per unit mass per day, it described weight need less food per kilogram, whilst lighter babies need 
a normal distribution with wide variability among individuals more, a phenomenon of self-regulatory mechanism of food 
(Figs 3a, b). The differences between boys and girls is sig- . intake. 
nificant (P < 0.05) in total daily energy intake between 2 (4) Babies can fail to thrive if they are underfed, but in a 
and 6 months (Table 2), but not in energy per unit mass per healthy population, as in this sample, the rate of weight gain 
day. The marked fall in energy per kilogram per day over is not related to daily energy intake, total or per kilogram 
the first 6 months is similar to findings in other developed bodyweight after the second month. The differences in their 
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intake simply reflect individual variation of energy demand, required to def ine the 3rd and the 97th percenti les. Application 
which is very wide.^^ of the technique of double labelled water (2H2^®0) method 
(5) The variabil i ty of daily milk and energy intake, whether for energy expenditure^' ' in infants may further confirm the 
in absolute terms or per unit mass, is so wide that comparison exact milk consumpt ion for physiological needs, 
of an individual 's intake with that of the average to assess 
adequacy of feeding is highly misleading, and may cause to 
unnecessary anxiety. The average volume of mi lk consumed ACKNOWLEDGMENTS 
by the babies differs markedly from the recommendations given 
on each tin of milk powder (Fig. 5). These recommendat ions We are grateful to the Croucher Foundat ion for their f inancial 
are usually less than the actual average consumpt ion in the support of this cont inuing study and the staff of Lek Yuen 
first 2 months and much more afterwards. Similarly, the Clinic for helpful support . 
volume of milk required for the infants, often quoted as 
150-180 ml/kg per day, is very different to observations made 
in the present study. There is thus a need to change the REFERENCES 
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Iron Deficiency is Uncommon in Healthy Hong Kong 
Infants at 18 Months 
by S. S. F. L e u n g / MBBS, DCH, MRCP, D. P. Davies,* BSc, MD, DObst, DCH, FRCP, S. L u i , MA, RD, 
L. Lo,» RN, P. Yuen,* MD, FRCP, andK. Swaminathan,** MBBS，MSc, PhD, MRCP, FRCPA • Department of Paediatrics, and •• Department of Chemical Pathology, Chinese University of Hong Kong, Prince of Wales Hospital, Shatin, N.T” Hong Kong 
Summary 
The iron status of about one hundred and fifty principally bottle-fed Hong Kong Chinese babies was investigated by means of a longitudinal study of iron intake from birth to 18 months in relation to haemo-globin, MCV, and senim ferritin. Mean (SD) daily iron intakes at 6，12’ and 18 months were 8 (5), 9 (3)， and 8 (3) mg, respectively, comfortably within the WHO recommended dietary allowance of 5-10 mg. The mean (SD) haemoglobin concentration in 123 babies who had it determined at 18 months was 12.4 mg/dl (0.89). Eleven had a haerooglobin concentration <11 g/dl. Of these，seven had ^-thalassaemia trait, two showed a satisfactory response to iron therapy (2 mg/kg/day) for 3 months, one had an un-changed haemoglobiii, and one defaulted furtber follow up. Three of 112 babies with H b > l Ig/dl had an MCV <70f l . Mean (SD) serum ferritin at 18 months in 128 infants was 155.9 (24.8) ng/ml. Only one had a concentration < 7 ng/rai. This very low ( � 2 per cent excluding ^-thalassaemia trait) incidence of iron deficiency is attributed to infant feeding practices which provide: (1) an adequate iron intake daring tbe weaning period from milk formulae, iron^fortified cereals, meat and fish; and (2) a negligible consuraption of pasteurized cow's milk with its low iron content and risk of causing occult intestinal blood 丨oss« 
Introduction Recent studies in China have revealed an incidence 
Iron deficiency remains the most common single T_n r . 1 n * t « nutrient deficiency worldwide and a cause of much 70 per cent.； We were therefore interested to deter-morbidity.丨 Infants and young children are particu- T u u � ^ ^ o n g ^ b o r n Chinese babies larly vulnerable due to their rapid growth and often ” e r e ’ although concern has been expressed that , inadequate diet during weaning when iron stores laid mfants have a poor iron intake dunng w e a n i n g , n o down in prenatal life are progressively consumed. p t e m a t ^ study of the incidence of iron deficiency A i t V i … , 作“ … � « „ ^c has yet been made. This present study is an investi-Altnougn predominantly a problem of poor coun- . . . … ^ ^ , � . . ^ tries, where the reported incidence is commonly in the gatio二 into the status of normal Chinese infants at 18 order of 40-80 per cent，： socially advantaged coun- T ^ f ' f age m rela ion to their dietary iron intake, tries have not escaped. In the United Kingdom for Our findings reveal a low incidence of iron deficiency. example recent studies have described incidences of between 12 and 45 per cent,^* with children of Patients and methods parents from the Indian subcontinent being especially ^ l j j . ‘ r • . , . . at risk. Iron deficiency in these young chi l^en is ？"e hundred and seventy-four Chinese babies (94 
mainly dietary, reflecting an inadequate intake during 一，80 girls), bom normally at t e ^ o healthy „ „ � - J ,, , ^ . p . f mothers between June and December 1984 were the weaning penod through consumption of fresh , . , , . . , , . rnvi/，c miiu^x^Kj^K � I “ . � 1 studied. They were randomly chosen from babies cow s milk (which can also cause occult intestinal , , ^, V . 丄 r - « • , , 1 �c� s r J • cc • . • • 6 brought by their mothers for their first routine check blood loss” and weamng foods insufficient in i r o n , 叩 after delivery to a Maternal Child Health (MCH) — clinic situated in a low cost public housing estate in Acknowledgements Shatin New Town, a newly urbanized area in the New 
We thank all the mothers in the study for their willing co- Territories. These babies are participating in a longit-
operation; Miss Fanny Lau for preparing the manuscript u d m a l s tudy o f t he i r phys ica l g r o w t h ove r the first 3 and the Croucher Foundation for their generous funding of years of life in relation to food intake, the research study. Average age at recruitment was 7 days (range 5-12 
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TABLE 1 
Number (%) of babies fed various groups of milk formulae, classified according to their iron composition 
Age (months) 
6 m 12 m 18 m 
M i l k Formulae (iron content in mg/1) 打=155 n=\55 152 
Enfamil , Similac, Similac 60/40 (1.5) 41 8 2 
( 2 6 % ) ( 5 % ) ( I � / o ) 
Frisolac (4.0) 4 1 0 (3%) (1%) 
Cow and Gate Baby M i l k Plus; Premium, Fo l low-On Formula (6.5) 4 8 4 
(3%) (5%) (3%) 
Lactogen: Nan; Frisomil; Promil (8.0) 24 50 47 
(15%) (32%) (31%) 
Enfapro; Enfamil wi th Fe; Enfalac; Similac wi th Fe; Alacla NF ; (12.0) 24 60 55 
Lactogen FP; Isomil (15%) (39%) (36%) 
S M A ; Aptami l ; S26; Nursoy (13.0) 56 20 I 
(36%) (13%) (1%) 
Dip loma; K l im; Nespray; Anchor; Amigene; Dutch Lady; Carnation; (0.5) 2 8 43 
Fresh mi lk; Mi lupa SF (2%) (5%) (28%) 
days). The babies were then seen at 2-monthly inter- Those with normal haemoglobin pattern were then vals for the first year and at 3-monthly intervals there- given an oral daily iron supplement (2 mg elemental after by a two-member research team (S.L. and L 丄 i r o n / k g ) and at a subsequent visit 3 months later One hundred and fifty-two were still being seen at 18 haemoglobin was rechecked. months, the 12 per cent default rate being due mainly Serum ferritin was chosen as a marker of the to movement of families out of the area. At each visit amount of storage iron in the body. A concentration a detailed dietary history was taken with particular < 7 ng/ml was the criterion for depleted iron stores. ^^  attention given to the type of milk and solid foods, 
and any additional vitamins. Intakes of individual Results 
nutrients were estimated using the 24-hour recall Social background method for the day closest to each clinic visk in which ； p a t e r n a l age was 31 years (19-43) and mater-the food intake was considered typical for the baby. ’ ^al 27 years (17-37). Eighty-two per cent of the babies . In this paper only iron and ascorbic acid (because of were either first or second bom: only one baby its importance to iron absorption) are considered. In- belonged to a single parent. Average combined takes of these two nutrients at 6’ 12，and 18 months ^lonthly family income was US$691. Seventy-three 
for the various brands of milk were estimated from ^ent of fathers and 62 per cent of mothers had 
manufacturers i n f o ^ a t i o n , and for solid foods from received education beyond primary school, 
data provided m Food Tables. At no stage were 
mothers given dietary advice by the research team: Feeding practices 
any questions along these lines were referred to the The incidence of breast feeding was very low: 26 per 
M C H nursing or medical staff. cent at 7 days, and then 8，4，and 3 per cent at 2,4, and At 18 months the mothers were asked their consent 6 months, respectively. Milk formulae used as breast for 1-2 ml of venous blood to be taken from their milk substitutes were many and varied, reflecting babies. Haematological investigations included Hong Kong's open market policy for the sale of haemoglobin concentration and mean corpuscular infant formulae. Nearly all were iron and ascorbic volume (MCV), both determined by the Coulter acid fortified, complying with international recom-Counter (Model S), and serum ferritin, measured by m e n d a t i o n s . i ^ Table 1 shows the wide range of the immunoradiometric assay. A haemoglobin concen- iron content of these milks together with the number tration < 11 g/dl and an M C V < 7 0 f l were criteria of babies who were fed them at 6, 12, and 18 months, adopted for possible iron d e f i c i e n c y .口 Babies with a Of particular significance is that 72 per cent of the haemoglobin concentration < 11 g/dl also had babies continued to take iron fortified milks at 18 haemoglobin electrophoresis performed in view of the months. Only three were given fresh cow's milk at high incidence of ^-thalassaemia in our children. some stage and this was after 15 months. 
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TABLE 2 Number of babies given various food groups, other than milk at various ages 
Age in months (No. ) 
2 4 6 8 10 12 18 
F o o d groups (151) (153) (154) (154) (153) (155) (152) 
I r on fort i f ied cereals 0 37 43 37 7 6 13 
Congee, soft rice, or rice 
no meat 0 6 14 20 24 1 6 
fish or meat 0 5 74 125 127 150 147 
F ru i t and f ru i t juice 0 12 42 124 123 147 150 
V i t am in and mineral supplements 4 5 16 16 16 33 53 
TABLE 3 TABLE 4 Daily intakes of iron and ascorbic acid: mean values Haematological findings in Hong Kong Chinese chil-(士 SD) dren aged 18 months 
Age (months) I ron (mg) Ascorb ic acid (mg) No. o f Mean 
samples (SD) Range 
6 ( n = I 5 4 ) 8 ( 土 5) 57 ( 士 23) 
12(/2=155) 9 (土3 ) 61(士27) Haemoglobin (g/dl) 123 12.4(0.89) 9 .6- 14.4 
18 ( n = 152) 土 3 i 58? 土 36^ Mean Corpuscular volume (fl) 123 77.0 (6.9)53.0- 90.0 
Serum Ferr i t in (ng/ml) 128 33.8 (24.8) 5.9-155.9 
Small amounts of cereals fortified with iron and ascorbic acid were given to about one-third of babies the haemoglobin was unchanged. The outcome in one between 4 and 8 months as the first weaning food baby was unknown because of default from follow-(Table 2). Thereafter, these were replaced almost up. Of 112 babies with haemoglobin > 11 g/dl, three wholly by traditional rice based foods (congee). Fish had an MCV < 70 fl. In each the blood smear or meat were taken with congee in half the babies by 6 suggested iron deficiency. months, increasing to 80 per cent at 8 months. Fresh Only one of 128 babies to have their serum ferritin fruits were given to the majority of babies after 6 determined had a concentration below 7 ng/ml—a ‘ months. value of 5.6 ng/ml. This baby had a normal haemo-globin (12.3 g/dl) and MCV (74 fl). Total iron and ascorbic acid intakes These are shown in Table 3. Mean daily iron intakes Discussion at 6，12, and 18 months of 8, 9，and 8 mg, respectively, were all well within the World Health Organization Our 'profile' of iron deficiency markers was not fully recommended dietary allowance (RDA) of 5 - comprehensive—serum iron, total iron binding capa-10mg.i5 Ascorbic acid intakes were also more than city, transferrin saturation ratios being amongst other adequate by the recommended standard of 20 mg/ indices now widely used to more precisely define iron 
day.IS status. Because of limited resources, however, we were constrained to using only haemoglobin, MCV, Haemoglobin, MCV, and serum ferritin levels at 18 and serum ferritin. Admitting to these criticisms it is, months nonetheless, difficult not to conclude that the inci-Haemoglobin and MCV were determined in 123 dence of iron deficiency is very low in our babies, babies (Table 4). Eleven (9 per cent) had a haemo- Excluding the seven children with ^-thalassaemia globin concentration < 11 g/dl and all these had trait our incidence was in the order of 2 per cent, an MCV <70f l . Of the eleven, seven had the 移- We attribute this low incidence of iron deficiency to thalassaemia trait, which probably accounted for infant feeding practices which provide sufficient iron their low haemoglobin. Of the other four, two in- intake at a time when iron stores accumulated in pre-creased their haemoglobin > 11 g/dl after 3 months of natal life are becoming depleted. An adequate intake oral iron therapy: in both, however, the ferritin levels of ascorbic acid, with its facility to improve iron were normal (49 and 140 ng/ml, respectively). In one absorption, and the unpopularity of fresh cow's milk 
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with its very low iron content and ability to cause References occult intestinal b l ^ loss: are also both probably D，Chandra RK. Functional implications of iron contnbutory to a low incidence of iron deficiency 玉口： Sicckcl A, cd” Iron Nuintion in Infancy Although the number of babies receiving breast imlk 幼d childhood, pp. 45-59. Nestle, Vevey/Raven Press, (with its enhanced bioavailability of iron) was very New York 1984. low, in terms of iron intake this was compensated for 2. Florcntino RF, Guirriec RM. Prevalence of nutritional by the early use in the weaning period of iron fortified anaemia in infancy and childhood with emphasis on de-cereals followed by meat and fish taken with congee, veloping countries. Ibid, pp. 61-72. and most important, the continuing use of iron forti- 3. Ehrhardt P. Iron deficicncy in young Bradford chndren fied milk formulae. This trend in itself illustrates im- from different cthnic^ouj^ . BrMcdn986; 292: 
P C , changes t h a t have taken 一 = = 4. 二 $ 二 = 1 二 [ R 二 二 = 
quah t y o f the d ie t o f H o n g K o n g i n f a n ^ s m ^ the 八扣匕 Dis Ch i ld I986; 61: 8 4 ^ . 1960s when it was regular practice for milk to be dis- 3 poraon SJ, Zieglcr EE, Nelson SE, Edwards BB. Cow's continued once weaning had begun and for meat and j^iij. feeding in infancy: gastro-intestinal blood loss and fish to be removed from congee before feeding. iron nutritional status. J Pediat 1981; 98: 540-5. These dietary practices differ appreciably from 6. Haliberg L. Iron absorption and iron deficiency. Hum those recently described in young infants in Brad- Nutr Clin Nutr 1982; 36C: 259-78. forcP and B i rmingham, especially those b o m to 7. Ma YP, et al. Laboratory diagnosis of iron deficicncy parents from the Indian subcontinent, where a high and the iron status of 239 cWldren in Shanghai (Trans-
inc idence o f i r o n d e f i c i e n c y w a s blaxned = = y ^ 二 二 a 二 二 二 ^ ^ ^ , , commencement of pasteurised milk and a l ^ e mtrc^ iron deficiency in preschool children (Translation). duction of iron containing weaning foods. The much j Qjn Paediat 1986; 4(1): 45-6. higher incidence of iron deficiency in many parts of 9 Wang WG, Chen XC, Liu DS. Hacmatologic response , C h i n a is also likely to be due to a low intake of iron to iron and ascorbic acid administration in preschool ‘containing foods, especially meat, fish and poultry children with anaemia. Nutr Res 1986; 6:241-8. and iron fortified formula . ' 10. Li AMC, Baber FM, Yu AMC. Infant feeding practices among the Kwun Tong mothers. J Hong Kong Med Ass Conclusion 1985; 37(4): 181-4. 11. Krantzler NJ, et al. Methods of food intake assess-Our study was of a sample of normal healthy babies meni—an annotated bibliography. J Nutr Educ 1982; who were fed according to guidelines provided and 14<3): 108-19. widely implemented by the MCH service. In Hong 12. World Health Organization. Nutritional anaemias. Kong there is high attendance of babies during the WHO Tech Rep Ser 1972: No 503. ^ . first L u p l e of y e a ^ after birth at the 48 MCH clinics 13. Siimes MA，Addjego JE Dollman = = 二 ；n 
“ / k r — •；^。-。f…tKot serum: diagnosis o f iron defiaency and iron overload in throughout the territory. We believe, therefore tha infants and children. Blood 1974; 43: 581-90. our findings of iron status are representative ol well ESPGAN Committee on nutrition I. Guidelines on babies throughout Hong Kong, although further infant nutrition on Adapted Formula. Acta Paediat studies are needed to validate this assumption. We Scand Suppl 1977; 262. doubt, however, that any major changes in the diet of 15. Requirements of Ascorbic Acid, Vitamin D, Vitamin our young infants are needed at the present time to B!�，Folate and Iron. Report of a Joint FAO/WHO improve iron take. Expert Group. FAO, Rome; 1976. 
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Vitamin D Status of Hong Kong Chinese Infants 
S. S. F. L E U N G � S . L U I � and R. SWAMINATHAN" 
From the Departments of�Paediatrics and 'Chemical Pathology, Chinese University of Hong Kong, Prince of Wales Hospital, Hong Kong 
ABSTRACT. Leung, S. S. F.，Lui, S. and Swaminathan, R. (Departments of Paediatrics and Chemical Pathology，Chinese University of Hong Kong, Prince of Wales Hospital, Hong Kong). Vitamin D status of Hong Kong Chinese Infants. Acta Paediatr Scand 78: 303, 1989. 
« Vitamin D deficiency is a common nutritional problem of weaning infants in many parts of the world. Hong Kong infants, who are fed with traditional rice-based weaning foods and live in crowded high rise flats, might be expected to suffer from this nutritional problem. Yet a study of 150 bottle fed infants revealed that the vitamin D intake from fortified milk and cere-als was more than half of the recommended amount throughout the first 18 months and that the serum 25-OH vitamin D concentration of the infants at 18 months was normal. The effect of sunlight was also evident. Key words: fortified milk, weaning, rickets, sunlight. 
Rickets during the weaning period continues to be an important problem in many parts of 
China due to a low dietary vitamin D intake and lack of adequate exposure to sunlight (1’ 
2). Yet in Hong Kong the incidence of clinically overt nutritional rickets is very low. At first 
impression this might seem surprising since � most children in Hong Kong live in crowded 
conditions in high rise flats, a predicament which might be expected to limit opportunities for 
playing outdoors and {b) previous studies in Hong Kong have drawn attention to a low di-
etary vitamin D intake in the weaning period (3). In order to establish the vitamin D status 
of infants, we have measured 25 hydroxy vitamin D (25-OHD) in a sample of 18-month-old 
infants. 
M A T E R I A L S AND M E T H O D S 
Between June and December 1984 174 normal fu l l term Chinese babies (mean age 7 days) attending a 
typical wel l baby clinic situated at the centre of a high rise, low cost housing estate, were included in the 
study. Parents were told to feed their babies according to the guidelines given by the staff of the clinic: 
to use infant formula if the infant was not breast fed: to start weaning at 4 -6 months and to continue 
using for t i f ied formula throughout the weaning period. The infants were fo l lowed up regularly, every 
second month in the first year and every th i rd month in the second year. A t each visi t , the mothers or 
caretakers were interviewed by the research dietician (S. Lu i ) . Dietary history of food intake on a typical 
day close to each visit was obtained, together wi th a 24-hour recall and the food frequency list to cross-
check data collected (4). The amount of v i tamin D obtained from for t i f ied mi lk and cereals was calcu-
lated using the in format ion of the manufacturers. A t 18 months, between December 1985 and June 1986, 
卩 2 ml b lood was drawn f rom 129 infants, w i th parental consent, for the measurement of 2 5 - O H D . Serum 
was separated and stored at - 7 0 ° C unt i l analysis. 25-hydroxy vi tamin D was extracted using Sep-Pak C]g 
Cartridges (Waters Associates M i l fo rd , M A , U S A ) and the extract was analysed by compet i t ive protein-
b inding assay using a commercial K i t (Amersham. Buckinghamshire, U . K . ) . The means (SDs) of the 
‘ 2 5 - O H D level of all b lood samples taken in the same month were compared by Students /-test to 
examine for differences between months of the year. Using recent recommendat ion proposed by Gr in-
dulis. serum 2 5 - O H D <10 ng/ml was considered sub-optimal (5). 
RESULTS 
The majority of the infants were bottle fed. 76% at day 7 and 98% at 6 months, with infant 
formula fortified with vitamin D. Weaning started at about 4 months with a fortified rice 
cereal or congee (rice porridge) with added fish or meat. Milk formula was continued 
7 
� 
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throughout the weaning period and at 18 months all except 5% were still vitamin D fortified. 
Giving additional vitamin supplements was an uncommon practice throughout infancy. The 
mean daily vitamin D intake of the bottle fed babies from milk and cereals throughout the 
first two years was more than 200 l U (Table 1). Thus more than half of the recommended vit-
amin D requirement (400 lU) was available f rom food (6). 
None of the infants at 18 months had a serum 25-OHD level less than 10 ng/ml (Fig. 1), 
thus all had an adequate vitamin D status. The mean values of infants who were assessed in 
May and June were significantly higher than those in the other months (><0.05)，showing 
the effect of exposure to abundant sunshine during the hot and sunny summer months (Table 
2). Moreover, between January and June 1986 there was a significant correlation between 
serum 25-OHD concentration and the mean air temperature (r=0.81, /7<0.05) and between 
serum 25-OHD concentration and global solar radiation ( r=0.82 , /7<0.05). 
D I S C U S S I O N 
Vitamin D deficiency is not a p rob lem in our population during weaning, a finding that com-
plements an earlier study showing an extremely low (2%) incidence of iron deficiency (7). 
Our findings contrast strongly with those of a study of Indian children in Birmingham (5) 
where 50% were found to have less than opt imum levels of plasma vitamin D at 22 months. 
Table 1. Daily vitamin D intake of bottle fed babies from fortified milk or cereals (Mean 土 SD) 
Dai ly v i tamin D intake ( l U ) 
Age 
(month) n Mean SD 
0.25 128 240 63 
2 150 350 76 
4 152 355 81 
6 153 345 110 
8 153 286 98 
10 152 264 91 
12 154 263 106 
15 152 239 130 
】8 153 204 128 
Table 2. Mean serum 25-OHD level, mean air temperature and global solar radiation accord-
ing to month 
2 5 - O H D (ng/ml) Global solar 
Mean air radiat ion 
n Mean SD temp. (。C) (MJ/m-) 
Dec. 1985 20 22.4 3.1 - -
Jan. 1986 23 22.0 6.3 15.9 13.4 
Feb. 1986 21 22.7 2.6 14.7 9.62 
March 1986 21 21.1 3.6 17.6 9.2 
A p r i l 1986 27 21.3 5.5 22.6 12.1 
May 1986 8 28.3* 6.5 25.9 15.2 
June 1986 9 30.0* 7.1 28.0 16.0 
* ;?<0.05. 
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Fig. 1. D is t r ibu t ion of the serum 2 5 - O H D concentration in 129 18-months-old measured at di f ferent 
months. 
We conclude that high rise living itself is not necessarily a risk factor for rickets. Life style 
and diet are also important. 
It was common practice for mothers of the infants studied to take their young infants to 
the market every day if the weather permitted, thereby allowing daily exposure to sunshine. 
In addition, playgrounds and recreation facilities were all well within walking distance and 
the infants were regularly taken there. The higher serum 25-OH vitamin D concentration in 
^ the summer months suggests that children are being exposed to sunlight, a life style which 
contrasts markedly with that of urban Hong Kong 25 years ago when the practice of confin-
ing children to overcrowded apartments was common. 
�.’ The studied infants were mainly bottle fed throughout the weaning period with vitamin D 
fortified formula, which contributed to more than half of the recommended vitamin D re-
quirement. This contrasts with infant feeding practices in Mainland China and some parts of 
the United Kingdom. In China, infants were fed breast-milk or unfortified bottle milk for 
about one vear onlv, in the Asian immisrants of Birminsham, thev were fed unfortified milk 
and a vegetarian diet during the weaning period. The advice on infant feeding for Hong 
Kong infants has been laid down by the Family Health Service and is given to parents in all 
its 47 well baby clinics. With an attendance rate as high as 92% of all infants in Hong Kong, 
we therefore assume that our findings are representative of Hong Kong infants as a whole. 
20-898302 
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Anthropometric assessment of nutrit ional status: a need for caution 
Sophie S. F. L E U N G and David P. D A V I E S 
Department of Pediatrics, Chinese University of Hong Kong, Prince of Wales Hospital, Shatin, Hong Kong 
Introduction 
Assessment of nutri t ional status is a ma jo r concern of child health workers in all parts of the world. Of all methods of nutr i t ional assessment, anthropometry is most commonly used because it is simple to undertake, cheap and practical for field work. However, the interpretation of anthropometr ic findings demands reference to some standards, an issue that has been the subject of much debate, disagreement and confusion in recent years. For children below 5 years，racial differences in physical size were considered to have their origin more in nutr i t ion than in genotype (Habicht et al�1974). A universal reference has therefore been considered appropriate to detect poor growth due to malnutr i t ion in any population (Graitcer et al., 1981). T h e World Heal th Organiza t ion has recommended the use of the Amer ican growth data collected by the National Center for Heal th Statistics (NCHS) for reference (Waterlow et al., 1977). A cut-off point of 80 % or - 2SD of expected weight for height was adopted to diagnose wasting，signifying acute p ro te in -ene rgy malnutr i t ion and 90% or - 2SD of expected height for age stunting, signifying chronic pritein—energy malnutr i t ion, using N C H S as reference CJelliffe & Jelliffe 1986). Yet several workers, including Goldstein & T a n n e r (1980)，Eveleth (1986) and Davies (1988) insisted that there are significant genetic differences affecting physical growth among racial groups, especially between the Caucasian and the Asiatic, and question the use and value of a single reference s tandard . T h e use of an inappropriate growth reference would lead to erroneous interpretat ion of the health status of the populat ion. 
T h e present study was under taken to examine the outcome of using the N C H S reference to interpret the nutri t ional status of a group of Chinese infants who were known to be well nourished and healthy. 
Materials and methods 
O n e hundred and seventy-four full-term healthy Chinese babies were recruited over a period of 6 months in 1984 f rom a local materni ty and child health clinic at a mean 
130: 
1 A 广-- - -，- E，- Fig. 1. Daily energy intake of Chinese infants ( )，in kcal :,00 \ \ per kg per day, compared to Whi t ehead ' s (1985) data (——). 
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age of 7 days. They were followed up regularly, 2-monthly in the first year and 3-monthly 
in the second. At each visit, their nude weight was taken using a Seca beam balance accurate 
to 5 g, supine length measured by the Harpenden Neonatometer or Infantometer . Illness 
experienced in the preceeding 2 or 3 months was recorded. Dietary intakes of milk and non-
milk foods were recorded using the 24-hour recall method, cross-checked by dietary history 
and food frequency. As bottle-feeding was predominant , only the 150 bottle-fed babies were 
analysed for energy and protein intake, according to the information supplied by the various 
infant formula manufactures and appropriate food tables. Fuller details of the methodology 
have been described elsewhere (Leung 1988a). T h e percentile curves for the weight, length 




The majori ty of babies were bot t le- fed—70% at birth, rapidly increasing to 92 % and 96% 
at 2 and 4 months respectively. Standard infant formulae, which are fortified to provide all 
necessary nutrients for normal growth of infants, were used and continued to be given 
throughout the weaning period till the end of the second year. Solids were introduced at 4 
to 6 months, as rice-based foods: porridge (congee) cooked with mince meat or fish, graduating 
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Health 
One baby died of appendicitis at 10 months. All others enjoyed overall good health. Diarrhoeal disease and respiratory tract illnesses were the two common problems, but none was of chronic or frequently recurrent nature — a morbidity pattern in countries where protein-energy malnutr i t ion is prevalent (Grant , 1987). 
Energy and protein intake 
M e a n daily energy intakes per unit mass throughout the first 2 years is shown in Fig. 1. These were comparable with Whitehead 's pooled data of healthy Caucasian babies，breast or bottle-fed, and upon which the F A O / W H O / U N U Recommendat ion for Energy Requi rements (1985) was based (Leung, 1988/^). Mean daily protein intake throughout the first 2 years was higher than the recommended amount . Thus , as a group, the infants were adequately fed with energy and protein. The growth pattern they described should therefore be considered normal for them. 
Comparison of weight and height with American standards (NCHS) 
T h e median weight of Chinese girls and boys showed a distinct fall away from the N C H S median from 6 months onwards. Median of length of Chinese infants run just beneath the N C H S median (Fig. 2). The maximum deviation was noted in weight at 12 to 15 months, when the mean weights of Chinese infants were 1 SD below the N C H S median (Fig. 3). At 2 years, Chinese infants were in general lighter and shorter than the American infants from whom the N C H S data were derived. For girls, 66% were lighter and 56% shorter than the N C H S median, whereas for boys 75% were lighter and 69% shorter. At a given height the Chinese were lighter. The weight of 74% girls and 72% boys were below the expected N C H S median weight for height. Twenty-six infants (18% of the whole group) had a weight less than 80% median N C H S weight for height at 2 years and thus would be classified as wasted if the N C H S were used as the single international reference for diagnosing protein-energy malnutri-tion. Yet, the energy (Fig. 4) and protein intake of these 26 infants as shown by their means were adequate , even higher than the median value of the whole group. They would, therefore, be wrongly diagnosed as having protein-energy malnutrition had the N C H S reference been applied. 
Discussion 
T h e Chinese infants studied were healthy and adequately fed. Their weight and length in the first 2 years were normally distributed. Compared to the American reference, there was 
LO. GIRLS LO. BOYS 
�- • i»Qnth» �- »f. •onthi 
0 1 4 1 i 10 U M )• l i ]0 22 24 0 ： 4 ( ( 1* 12 M It U >0 ii 24 
-0.1. y -。-:• Z -•-•J -»••� F ig . 3. S t a n d a r d deviation scores of the mean length and w e i g h t of g i r l s a n d boys �•"" B � � compared to the N C H S median. 
: • : 八 ： ： ： 八 
。 / \ •gg. ponth. 0 / \ pontht 
o / 2 i ~ i ~ 1 0 I I U " " ” 1 « U 2 0 2 2 2 4 0 2 4 «\ I “ “ I I 1 2 ~ U U I I S O " “ » 2 4 
-l.O- -1.0-
135 
I 180 CIRL ,80 BOY 
、 160- \ ��� \ \ �� 
\ 〜〜 luo 、 > � Z > \ 
It X V • \ - \ / \ ， , 
I • / � � � I \ 
c ”0, \ • \ / • ； wo \ / 、、一 90 
u \ � / • W V \ y 
• \ \ / . . . ^ \ � � - - - ' . . . 
‘ 80. \ ^ ^ " 8 0 , 一 、 \ \ \ \ 
�� - - ’ ' ����� \ Z 一 — 、 、 、 
、、一-广广 \ 、 、 — 、 、 、 、 、 、 
60 60- 、、——10 
14�I , , flO I , , I , 
0 2 H t 8 10 12 m 16 IB 20 22 0 2 fl 6 8 10 12 14 16 IB 20 2 2 ？1 Age. months Age, months 
WEIGHT BOYS LENGTH BOYS cm _ -90 
‘ 一 二 - “ 9 。 F i g . 4. (above) T h e mean daily 
'2 二 二 二 ’ ’ 一 ： 一 - ： ： - 衫 ； 。 ； e n e r g y intake per unit mass of 
二 ‘^：：二二：-〜二^;；；；^"!。 8� the " w a s t e d " infants ( • ) in ‘ relation to the whole group, “ shown as the 90th，50th and 10th 7 percentiles. 
J •‘ 
Z I_,_._._._.,~.—._•~.~.——. 叫 I . ~ . • ~ ' ” • — — • ‘ ” • • ~ ’~ • “ ‘ 
2 t» 6 8 10 12 14 16 18 20 22 2M 2 M 6 8 10 12 IM 16 18 20 22 
m o n t h s 歸 n 山 s 
CD. c LENGTH CIRLS WEIGHT UKLS 
k g cm 
13 • ^^^ 90 
12 . 一 Z 一 一 z 75 90 • 
Z z ' Z 一’ 50 Z 二二 ：〕0 
M Z Z 一 一 1� 8� 
8 “,、：；；^- 70. 
6 , " , 广 60 O/^/ 
‘ f Fig. 5. (left) T h e growth in ' f / w e i g h t a n d l e n g t h of the 
[丨' " w a s t e d " in fan t s (- ) in 
2 no . 2 0 6 8 10 12 14 16 18 20 22 2a 2 a 6 8 10 12 10 16 18 20 22 2M r c l a t i o n tO t H c w h o l C gFOUp ( ) . 
m o n t h s m o n t h s 
a left shift, amount ing to about - 1 SD between 1 to 2 years. As differences in size were not marked at birth, there was a period of downward shift in the 1st year, a growth pattern simulating those of genetically short infants (Smith, 1976) — physiological downward crossing of percentiles — which should not be mistaken as growth faltering. Those 26 infants with weight below 80% of the N C H S median represent an even smaller and lighter subgroup among the Chinese. For comparing with the whole group, again, there was shifting downward across the percentiles, to achieve a lower percentile at and after 6 months, more so in weight than in length (Fig. 5). The mean weight of mothers of this subgroup was significantly less than the remainder, fur ther supporting the genetic factor in determining their growth. 
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In conclusion, while malnutri t ion does cause infants to be short and light, not all short and 
light infants are the result of malnutrit ion. Southern Chinese, who are genetically shorter and 
lighter, would readily be misdiagnosed as suffering nutritional problems if the American-derived 
reference was used. Thus , although anthropometric measurements can be a good indicator 
of nutritional status, a genetically appropriate standard reference is essential. 
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‘ • f t ^ V : an二 18 m o n t h s mean (SD) pro te in in takes were 2.3 (0 9) 4 7 (1 9) and 
99 (2 fk/a丨’kg^y’ a n d the m e a n (SD) energy in takes were 85 (18X 98 24 a n d 
Au r a f a f e f S t e ^ ^ " i t h recent ly publ ished d l t a m C a n a d a and 
a n d s k l l M c k s ^ " h a n t h ^ r 。 . “ , H g h t e r，1 - 1 . 9 c m s h o r t e r 
KEY WORDS： Chinese infants , g rowth , nu t r i t i on , rice, weight , skinfold thickness . 
丨 MTRODUCTIOM 
H o n g K o n g Chinese children in the 1960s were considerably shor ter 
and lighter than those of Caucasian ongin. i ’2 Nutr i t ional inadequacies 
were then held mainly responsible for their differences as condensed 
mill^ was often used in bottle fed babies and low protein rice-based solids in weaning. 
* 丁o w h o m co r r e spondence should be addressed . 
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Over the last twenty years there have been marked improvements m the general socio-economic conditions in Hong Kong to achieve an infant mortality rate of 9 per thousand in 1985, similar to those of Canada and Australia) Yet children are still smaller than their Caucasian counterparts. Can this continued difference in physical sizes still be explained by nutritional inadequacies? This study investigates the issue by analysing the dietary intake and growth of Hong Kong Chinese infants and comparing with recent data of similar studies by Yeung5 in Canada and Hitchcock^ in Australia. 
M A T E R I A L S AND M E T H O D S 
Between June and December 1984, 174 full term Hong Kong Chinese babies born to healthy mothers were recruited from a well baby clinic at a mean age of seven days. They were seen bimonthly in the first year and trimonthly in the second. There was an 11 per cent drop out over the follow up period due to movement of the families so that 154 infants remained in the study at 18 months. At each visit, their nude body weight, supine length, triceps and subscapular skinfold thickness were determined by standard methods.' The dietary intake of infants was recorded by dietary history of a typical week day closest to the visit, cross-checked with a 24 hour recall and food frequency.^ As breast feeding was rarely practiced, only the nutrient intakes of bottle fed babies were analysed. The brand of formulae used and the way in which they were reconstituted were recorded. As rice is the Chinese main weaning cereal, mothers were given a pail of rice at each visit and asked to show how much raw rice they had used for cooking at each feed: this amount was then weighed. Other foods consumed by the babies were recorded with various sizes of spoon and bowl displayed to facilitate recall. The energy consumed was calculated according to the information provided by the various infant formula and food tables. Data for the third month were estimated from the smoothed curve drawn from the means in order to allow comparison with data from Canada and Australia. Weight and height of mothers were taken six months after birth when their weights were expected to have returned to the prepregnant value. Weights and heights of fathers were as reported by the mothers. Student's t test was used to compare differences between the three racial groups and Pearson's ‘r，to study 
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the correlations between weight and height (length) of parents and 
infants. 
R E S U L T S 
A. H o n g K o n g data 
Feeding pattern The majority of Hong Kong Chinese babies were 
bottle fed - 74 per cent at day seven, 92 and 97 per cent at two and 
six months respectively — with fully fortified infant formula, reconsti-
tuted in the correct dilution to give 670 kcal per litre. Fortified formula 
continued to be given through the weaning period so that by eighteen 
months 72 per cent were still taking them. Fresh cow's milk was given 
in only three babies after fifteen months and skimmed milk had not 
been given to any. Solid food in the form of fortified rice cereal were 
introduced around four months in one third of the babies. By six 
months, one half of all babies were started on congee (rice porridge), 
a traditional Southern Chinese weaning diet, cooked with fish or meat. 
The concentration of the congee and amount of solids were gradually 
increased until at about eighteen months, most infants could eat an 
adult diet of rice, fish, meat and vegetables. Butter and high fat desserts 
were rarely and ice cream was occasionally consumed. The percentage 
of fat contributing to the total daily energy consumption was 30 per 
cent between 12 and 18 months. 
Growth and energy intake All infants had grown normally with no 
major or recurrent illnesses. The weight and length of boys and girls 
were normally distributed in the first 18 months. The skinfold thickness, 
both triceps and subscapular, showed a rapid rise in the first 2 months, 
then slowed down to plateau at about 9 months. They were slightly 
skewed towards the higher fatfold. At 18 months, apart from fa ther-
boy for weight, the parent-offspring correlations for height and weight 
were all 0.3. There was no sex difference in the daily energy consump-
tion expressed either as total or per unit mass. The means and SDs of 
weight, length and skinfold thickness are shown as compared to the 
Canadian and Australian in Tables I-III . 
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_ TABLE II 
Comparison of the mean (SD) triceps and subscapular skinfolds of the infants of Hong Kong (H.K.) and Canada (C广 from one to eighteen months 
Age Triceps, mm Subscapular, mm 
Month Sex H.K. C p H.K C p 
F 7.5 (1.1) 7.2 (1.81) 0.05 6.1 (1.1) 6.3 (1.6) ns 
3 M 9.7 (1.4) 9.1 (2.3) 0.05 7 5 (1 3) 70 n ns 
F 9.9(1.3) 8.6(2.0) 0.001 7：8 [LS) 6 9 (1.6) 0 001 
6 F 8 8 a 3! L9!，2.9) ns 6.7 (1.3) 7 .2(1 .9) 0.05 h 8.8(1.3) 8.8(2.9) ns 7.0(1.3) 7.2(1.8) ns 
12 M 6.9 (1.3) 9.4 (3.1) 0.001 5.7 (0.9) 7.0(1 7) 0001 F 6.9(1.3) 9.5 (3.0) 0.001 5.9(1.1) 7.2 (1.6) 0.001 
^ 6 J ( 1 . 2 ) 9.9 (3.7) 0.001 5.7 (0.8) 6.9 (2 0) 0 001 F 6.8(1.4) 9.3(3.3) 0.001 6.0 (Vo) 6.9 ！2：^  0.001 
B. Comparing Chinese with Canadian and Australian 
广om the published data, though limited, it is sufficient to say that f anadian and Australian infants were similar both in body size and dietary habit and could be considered as an homogeneous group A composite figure (Figure 1) of weight, length, and triceps skinfold ^ickness of the Hong Kong Chinese girls expressed as standard deviation score of those of Canadian girls is shown to illustrate their interrelationship. Chinese were lighter and shorter throughout the first eighteen months. Energy consumed by Chinese at 3 and 6 months were 97 and 85 kcal/kg (1 kcal = 4.2 KJ) per day which was significantly less t^ i^ the Canadian (102 and 93) yet Chinese have higher skinfold 
=kn，，s. By 12 to 18 months, the energy intake was 98 and 7 kcal/kg/day which was similar to that of Canada (96 and 96) and Australia (99 and 100). The percentage of fat consumed was also similar ^ t h a t of the Canadians, yet the Chinese have lower skinfold thickness Thus, the difference in body size and adiposity between the Chinese and Caucasian could not be explained by a consistent difference in energy intake nor a difference in fat content in their diet. Although their energy expenditure in relation to life style and climate might be different，genetic factors certainly play an important role in causing the 
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FIGURE 1 The weight, length and triceps skinfold thickness of Hong Kong Chinese mfants from birth to eighteen months expressed as the standard deviation score (SDS) of the Canadian infants* 
difference. The smaller birth size could be explained by the smaller size of Chinese mothers.^ By 12 to 18 months, genes that determine ultimate adult size begin to manifest as size correlated well with the parental size in both stature and weight, though more so in stature as one would expect to find in a well nourished healthy population.丄口 
D I S C U S S I O N 
Simultaneous study of growth and nutrition in infancy, including preweaning and weaning is tedious and demanding. Such studies are rare in the world literature but are essential to the understanding of the smallness in Asian children. In many parts of Asia, nutritional inadequacy especially in the weaning period obviously plays a major role in causing the smallness. But well nourished Asian populations such as Hong Kong Chinese, are still lighter, shorter and thinner than their Caucasian counterparts which can best be explained by a genetic difference in their growth potential. Without this recognition, Chinese 
S. S. F. LEUNG AND S. LUI 
infants could readily be misinterpreted as suffering from undernutri-
tion and attempts to remedy this could easily lead to iatrogenic overnutrition. 
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Growth Standards for Weight, Length and Head 
Circumference: Hong Kong Infant Birth — 2 Years 
-- *S.S. F.LEUNG，（梁 ) , L U I (呂秀说),T. L o (盧膜婉貞)’ 
**Y.M. LA M (林育 A ) a n d *D.P. DAVIES 
'Depar rmenr o f Paediatrics, The Chinese Univers i ty o f Hong Kong, Prince o f Wales Hospital and 
• 'Med i ca l Faculty, The Chinese Univers i ry o f Hong Kong, Sharin, N.T. , H o n g K o n g 
Introduction arrending the MCH, and to ensure that a 
healthier group of infants could be obcained 
The well-being of an infant could be to derive a growth standard, 
assessed by the growth pattern over thac The babies were dien followed up at cwo 
period of rime, the accuracy of which, de- monthly intervals (土 7 days) in the first year 
pends upon an accurate measurement of and three monthly (士 7 days) in die second 
growth as well as the availability of an ap- year. At each visit, their naked body weights 
propriace standard for comparison. Secular were obtained by a Seca-beam balance, 
trends in infant and childhood growth has accurate ra ± 5 gm. Their length was meas-
recendy been , demonsrrared by various ured with a Harpenden Neonatometer and 
workers in Hong Kong.丨一 This paper pre- Harpenden Infancomerer for below and 
sents an up- to-date growth standard for above 1 year of age respecrively, accurate 
Hong Kong infants. They are derived f rom to 土 1 m m using standard method." The 
longitudinal study of a group of normal head-circumference was obcained by a non-
healthy infants. Such longimdinal study scretchable measuring tape. All measure-
allows nor only distance but also velocity menus were taken by the same trained re-
standards. search worker, whose reliability cest^ is 
shown in Appendix 1. At 2 years 147 remain-
Materials and Methods ed for the measurements. None of diem had 
any chronic illness over the whole period of 
A scrarifiecl sample of 174 full term babies invesrigarion that might have affected 
were recruited f r o m Lek Yuen M C H at a growth. Their dietary practice is typical of 
mean age of 7 days — 1 in 3 if they come the present recommendacion by the M C H 
f rom low-cost housing area and 1 in 2 if they service, i.e. early infanc feeding with breast 
come f rom private housing area. This was an milk or infant formula, introduction of solid . 
a t tempt- to counreracr the over representa- at 4 to 6 months, and milk conrinued to be 
rion of the lower social class among those used throughout the weaning period. 
G r o w t h Scandard 
T a b l e I W e i g h t (kg): Girls 
Age Category Percentiles --
(months) 3rd ^ 25th 50th ^ h 90th 97th 
“ 0 i j ^ I i 
2 4.0 4.3 4.6 4.9 5.3 5.6 5.9 
4 5.1 5.5 5.9 6.3 6.7 7.1 7.5 
6 5.8 6.3 6.7 7.2 7.7 8.1 • 8.6 
8 6.3 6.7 7.2 7.8 8.4 8.9 9.3 
10 6.6 7.1 7.7 8.3 8.9 9.5 10.0 
6.9 7.5 ,8.1- 8.7 9.3 9.9 10.5 
15 7.4 8.1 8.7 9.4 10.1 10.7 11.4 
18 8.0 8.7 9.4 10.1 10.8 11.5 12.2 
21 8.5 9.2 9.9 10.7 11.5 12.2 12.9 
24 9.0 9.8 10.5 11.3 12.1 12.8 13.6 
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T a b l e n W e i g h t (kg): Boys 
Age Category Percentiles 
(months) . 3rd 10th - 25th 50th 75th - 90th 97th - - -
0 ^ a s 4.0 
2 4.5 4.8 5.1 5.5 5.9 6.2 6.5 
4 5.8 6.2 6.6 7.0 7.4 7.8 8.2 
6 6.5 7.0 7.4 7.9 8.4 8.8 9.3 
8 6.9 7.4 7.9 8.5 9.0 -9.5 10.0 
10 7.3 7.8 8.3 8.9 9.5 “ 10.0 10.5 
12 7.6 8.2 8.7 9.3 9.9 10.4 11.0 
15 8.3 8.9 9.4 10.1. 10.7 . 11.2 11.8 
18 8.9 9.4 10.0 10.7 11.4 12.0 12.5 
21 9.3 ‘ 9.9 10.6 11.3 11.9 12.6 13.2 
• 24 9.7 10.4 11.1 11.8 12.5 13.2 13.9 
WEIGHT 
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‘ ‘ — Growth Standard 
T a b l e m Length (cm): Girls : • 
2 53.2 54 2 55 2 ^^ o 二 52.3 
… ⑵ 5 6 . 3 57.4 58 4 rq A ； 
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T a b l e TV Leng th (cm): Boys 
Pefcentiles 
3rd 10th 25th 50th . 7 5 t h _ _ _ ^ _ _ ^ 
• 5 ^ ^ ^ 51.2 - - 52.3 53.3 
2 54.3 55.4 56.4 57.6 58.8 59.8 60.9 
4 59 7 60.8 62.0 63.2 64.4 65.6 66.7 
6 63.5 64.6 65.8 67.1 68.4 69.6 70.7 
8 66.3 67.5 68.7 70.1 71.5 72.7 73.9 
10 68.6 69.9 71.2 72.6 74.0 75.3 76.6 
12 70 8 72.1 73.4 74.9 76.4 77.7 79.0 
15 74 0 75.4 76.7 78.3 79.9 81.2 82.6 
18 76.4 77.8 • 79.3 80.9 82.5 84.0 85.4 
21 78.8 80.4 81.9 83.6 85.3 86.8 88.4 
24 81.4 83.0 84.5 86.3 88.1 89.6 91.2 
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I l l G row th ScandarcJ 
T a b l e V Head Circumference (cm): Girls 
. Age Category . —. — Percentiles 
(months) 3rd 10th 25th … 50th 75th 90th 97th 
0 ^ 32J 3^4 i n ^ • 
2 36.2 36.8 37.4 38.1 38.8 39.4 40.0 
4 38.7 39.3 40.0 40.6 41.3 41.9 42.5 
6 40.4 41.1 41.8 42.5 43.2 43.9 44.6 
8 41.4 42.2 42.9 43.7 44.5 45.2 46.0 
10 42.4 43.2 43.9 44.7 45.5 46.2 47.0 
43.0 43.8 44.5 45.3 46.1 46.8 47.6 
15 43.7 44.5 45.2 46.0 46.8 47.5 48.3 
18 44.3 45.0 45.8 46.7 47.6 48.4 49.1 
21 44.7 45.4 46.2 47.1 48.0 48.8 49.5 
24 45.0 45.7 46.5 47.4 48.3 49.1 49.8 
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Leung, Lui. Lo. Lam and Davies 
T a b l e V I Head Circumference (cm): Boys . 
. 广 _ P e r c e n t i l e s • _ 3�d.. 10th -25th _ _ 9 0 ^ _ _ ？ 
5 " l i：^ ^ ^ 36.0 36.6 
2 37 2 37.7 38.3 38.9 39.5 40.1 40.6 
4 39.9 40.5 41.1 41.8 42.5 —43.1 43.7 
6 41 8 42.4 43.0 43,7 44.4 45.0 45.6 
8 42 9 43.6 44.3 45.0 45.7 46.4 47.1 
10 43 8 44.5 45.2 45.9 46.5 47.3 48.0 
12 44 4 45.1 45.8 46.5 47.2 47.9 48.6 
15 45 2 45.9 46.6 47.3 48.0. 48.7 49.4 
18 45.8 46.5 47.2 47.9 48.6 49.3 50.0 
21 46.3 47.0 47.7 48.4 49.1 49.8 50.5 
24 46.6 47.3 48.0 48.7 49.4 50.1 50.8 
R O Y S 
h e a d c i r c u m f e r e n c e I I I I I 1' " r ^  cm ~i~~M.I i I I i 
32 , ‘ , 
•^n .-.^rjrrrr^ '. | I 1 ~ . 
months 
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T a W e V n W e i g h : Veloc i ty (kg per year): Girls . 
0 - I f ^ ^ ^ ？71— 
- 0 . 3 “ 二 【gS -
9.0 0.5 1 3 p p _ 5.9 6.8 
1 1 0 。？ � 3.1 4.0 4.9 5.7 
二 1.1 1.9 2.8 3.7 4 5 5 3 ‘ 0.2 1.0 1.7 2.6 3.5 4 2 5 0 16-5 0.2 1.0 1 7 25 q ： ‘ ^ 5.0 
0.3 1.0 1 7 2 5 3 3 . n 22.5 0.2 1.0 1 7 25 3 3 . 
“ 乙 b 3.3 4.0 4.8 
WEIGHT VELOCITY 广…,^ , , t'”||-| II'' I ' M ” — I . 1 . 1 UIKL5 
2 “ 6 8 10 14 16 18 20 22 24 
months 
Leung, Lui. Lo，Lam and Davies 1 1 7 
T a b l e V I I I W e i g h t Veloc i ty (kg per year): Boys 
Age Category — Percentiles 
(months) 3rd ^ 25th 50th 75th 90th 97th “ r o ~ n l ？Z9 1^6 19^~~ 
. 3 .0 4.6 5.9 .. 7.2 8.6 10.0 11.3 12.6 
5.0 1.8 3.0 4.1 5.4 6.7 7.8 9.0 
7.0 0.3 1.3 2.4 3.5 4.6 5.7 6.7 
9.0 - 1 0.8 1.8 2.8 3.8 4.8 5.7 
11.0 -.1 0.7 1.6 2.6 3.6 4.5 5.3 
13.5 -.2 “ 0.6 1.5 2.5 3.5 4.4 � 5.2 
16.5 一 .2 0.6 1.5 2.5 3.5 4.4 5.2 
19.5 -.3 0.6 1.5 2.5 3.5 4.4 5.3 
22.5 -.5 0.5 1.4 2.5 3.5 4.4 5.4 
WEIGHT VELOCITY 已〇丫 
k g / y r [ | 
18 11 
- 2 . 1 1 1 ！ I : I 




T a b l e DC W e i g h t Veloc i ty (gm per day): Gi r ls 
— ；IT" ~ Percentiles 
？ ^ i i l 38.1 42.6 47.1 
0 11 3 14.6 18.1 21.9 25.7 29.2 32.6 
0 5 1 8.1 11.2 14.5 17.9 20.9 23.9 
2 2 4.8 7.5 10.4 13.4 16.0 . 18.7 
g o 1 3 3 .6 . 5.9 8.5 ” . 1 13.4 15.7 
0:9 3.0 5.2 7.7 10.1 二 丨 4.5 
13 5 0 5 2.6 4.8 7.1 9.5 11.6 13.7 
6 5 0 7 2.6 4.6 6.8 9.1 11.1 13.0 
5 0：8 2.7 4.7 6.8 9.0 ”.0 12.9 
二 0.7 2.6 4.6 6.8 9.1 ” . 1 13.0 
… GIRLS 
“ 1 8 20 22 . 24 
months 
Leung. Lui, Lo, Lam and Davies ! ! 9 
T a b l e X W e i g h t Veloc i ty (gm per day): Boys 
Age Category Percentiles 
(months) 3rd 10th 25th 50th 75th 90th 97th 
1.0 27.1 � 31.2 35.4 40.0 44.6 48.8 52.9 
12.7 . 16.2 19.7 23.6 27.4 30.9 34.4 
5.0 5.0 8.1 11.3 14.8 18.3 21.5 24.6 
7.0 0.8 3.6 6.4 9.6 12.7 15.6 . 18 3 9.0 - 0 . 3 2.2 4.8 7.7 10.5 13.1 15.7 
11.0 一0.3 2.0 4.4 7.1 9.8 12.2 14.6 
13.5 -0.6 1.8 4.2 6.8 9.5 11.9 14 3 
16.5 -0.6 1.8 4.2 6.8 9.5 11.9 14.3 
19.5 -0.9 1.6 4.1 6.8 9.6 12.1 14.6 
22-5 一1.3 1.3 3.8 6.7 9.6 12.2 14.7 
WEIGHT VELOCITY BOYS 
gm/day — i ^ f ^ ^ r r r r ^ r：::^^^ I:：…I 至芒 ^ ^ ^ 
1 。 塞 70 
m ^ ^ ^ m 5� 
‘ i I I ' 
0 L ' _丄�!」」，： I L l 丄 ： 1 0 
. I i I - I . I I I 
- . - - s i I li ! ' ! ' '' .. ‘ !'• i ‘ ： ！ i ‘ r： ‘ !•• "1 • j I ''!''••! •：三 
〕 I 1 j 1 I ' l l I I I I I 
2 U 6 8 10 12 14 16 18 20 22 24 months 
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• — Growth Standard 
T a b l e X I He igh t Veloc i ty (cm per year): Gir ls 
Age Category Percentiles 
(months) 3rd 10th 25th 50th 75th 90th . 97th - . 
^ ^ ^ 43J 471 51：3 i i ^ 
3.0 21.0 24.3 27.7 31.5 35.3 38.7 42 0 
5.0 13.7 16.8 20.0 23.5 27.0 30.2 33 3 
7.0 9.8 12.6 15.6 18.8 22.0 25.0 27 8 
9.0 8.2 10.9 13.5 16.5 19.5 22.1 . 24 8 
11.0 7.4 9.8 12.3 15.0 17.7 20.2 22 6 
13.5 6.6 8.9 11.1 13.6 16.1 18.3 20.6 
5.7 7.7 9.7 12.0 14.3 16.3 18 3 
19.5 • 5.2 7.1 9.0 11.2 13.4 15.3 17.2 
22-5 5.2 7.0 8.9 11.0 13.1 15.0 16.8 
HEIGHT VELOCITY CIRLS 
c m / : 圓 圍 � 圍 圓 
. I 丄 5 
0 丨:.•丨 1 •••' ‘ I • i ‘ ^ ―J—..J . : ', , ‘ j —: j—.Jrrr ‘ 「丨 _ 2 4 6 8 10 12 14 16 18 20 22 
months 
GIRLS 
Leung. Lui. Lo, Urn and Davies “ 
T a b l e X n He igh t Ve loc i t y (cm per year): Boys 
‘ — P e r c e n t i l e s 
Age cat二ry ？ I ! ^ 
；� � 9 28.6 32.6 36.7 二 = 
；07 1 5 9 19 3 23.0. 26.7 30.1 33.3 
5.0 I f q 9 4 9 18.3 21.7 24.7 27.7 
7.0 • 6 2 15.4 18.4 21.2 23.9 
- 9.0 6. 9.6 � ,4.0 16.8 19.4 21.9 
11.0 1 ,2.3 14.9 17.3 19.6 
'�； 6 4 8 6 11.0 13.4 15.6 17.8 
16.5 4.2 6 3 4 10.7 13.0 15.1 .17.1 




‘ ^ p n p - r r r t r r r : n . ： - ] - ^ - i ^ i r t r r n ： - ： . | I ‘ I . I r t r r r r f t - ’ I 二：:；• i i …二 丄：二-. T •-••~~TT—rrrr:：^ , ‘•.rrrrH.—�~~-- ‘ ‘ ‘ 「-了 r r r r " 
Growth Standard 122 
A p p e n d i x 1 
Reliabi l i ty Test — " 
Sead circumference ( c m ) " " " Weight (Kg) “ Length ( c m ) — 
a b a B A B 
^ T m • ^ 67.5 •• 67.55 
2 46 0 46.0 8.735 . 8.72 73.4 73.55 
3 46 8 46.8 11.1 化彳 87.25 87.2 
4 47 7 47.7 11.38 11.38 85.0 85.05 
5 48 3 48.2 12.58 12.58 86.4 86.3 
6 44 6 44.6 8.62 8:62 69.2 69.1 
7 38 5 38.4 4.55 4.55 55.8 55.8 
8 43.0 43.0 — — 65.5 65.7 
2 difference (A-巳） Standard error of measurement (S mean) 
, . 0 9 cm 0.035 cm Head circumference cm 
weight 0.01 kg 0.007 kg 
Length -Q.2 cm 0.078 cm 
i e A single measurement of head circumference is likely to be within 士 0.0^ cm of the true value 95% of the t.me 
(196 X S mean). Similarly, that of weight would be 土 0.01 kg and length ±0.15 cm of the true value 95 k of the 
time. 
Sta t i s t i c a l M e t h o d parental education, type of a c c o i ^ o d a r i o n , 
area of flac, and family income. T h e weight 
Because there was some drop out, though and length of infants at 2 years were c o m -
as small as 16%’ the bias that migh t have pared berween the uppper and lower social 
arisen f rom the non-artenders was checked class, using an a r b i r r a ^ dmdii^g Ime. T h e r e 
by calculanng the mean increments of was no significant difference (Appendix 2). 
weight at each visit for those w h o have So. the sample can be treared as a h o m o g e n -
attended all sessions. Together wirh the ous group, wi th their g r o w t ^ affected to the 
mean weight obtained at an age wi th the s a m e degree by their social background, it 
m a x i m u m number of atrenders (i.e. at day 7 there were any at all 
and 2 months), the corrected means were The skewness of die vanous growth para-
calculated and compared to die direct means meters — weight, length head c i rcumter -
obtamed f rom the study. T h e difference was ence, weight velocity and length velocity, 
found to be negligible so these measure- were tested and these parameters were 
ments did not suffer f r o m any statistical bias shown to be normally distributed m the first 
of drop outs m a longitudinal smdy7 2 years. For a l o n g i m d i n ?，d y of such a 
T h e sample consists of mfanrs coming sample size, the mean could be considered as 
f r o m diverse social b a c k g r o u n d m regard to representative for . the general populanon. 
. 123 
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Hence the percentiles were obtained using S t a n d a r d s 
- t h e following formulae: 3rd and 97th per- . . , ^ cendle 一 Mean 士 1.881 S.D., lOch and 90di The percentile curves and the data h o r n 
percentile - Mean 土 1-282 S.D., 25th and wKich. these have -been, consmicted are —— 
75di percentile — Mean 土 0.675 S.D. Whi le shown. -the curves of the means were found to be 
very smooth, chose of the standard deviations C o m m e n t 
were not so, thus die SDs have to be , . , smoothed by the computer programme Growth standards should be obtained using a 7 point moving average method. f rom a careful design in the sampling, good 
Appendix 2 
Comparison of body size at 2 years in the lower and upper social groups 
Weight Length 
— G i r l s Boys — Girls Boys 
Mean, SD (n) Mean SD (n) Mean SD (n) Mean SD (n) 
A. Accommodation 
LOW cost housing 11.2 1.3 (40) 11.7 1.0 (43) 85.7 2.8 (40) 86.3 2.4 43 
self owned or 11.3 1.2 (28) 11.8 1.3 (35) 85.7 2.9 (28) 86.2 2.9 (35) 
private rental flat 
B. Income � 。 一 ^ ^ “ � 
^ H K $ 4000 11.3 1.2 (41) 11.8 1.0 (45) 85.7 2.7 (41) 86.5 2.3 (45) 
> H'K'S 4000 11.3 1.3 (27) 11.7 1.3 (33) 85.7 3.0.(27) 86.0 3 . 0 ( 3 3 ) 
C. Area of flat ^ ^ …，… 
^ 300 sq ft 11.2 1.3 (41) 11.9 1.3 (46) 85.4 2.9 (41) 86.2 2.8 (46) 
> 300 eq ft 11.4 1.1 (27) 11.6 0.9 (32) 86.1 2.6 (27) 85.3 2.4 (32) 
D. Education of father 
Secondary incomplete 11.2 1.2 (29) 11.7 1.3 (33) 85.9 2.9 (29) 86.5 3.0 (33) 
SeconTaUomplete 11.4 1.3 (38) 11.8 1.0 (45) 85.7 2.7 (38) 86.1 2.4 (45) 
or higher 
E. Education of mother 
secondary incomplete 11.1 1.3 (23) 11.7 1.3 (24) 85.7 3.1 (23) 86.2 2.9 (24) 
or lovve「 一 ^^ „ ^ ^ 
- - S e c o n d a r y complete . . ’ 1.4 1.2 (45) 11.8 1.1 (54) 85.7 2.6 (45) 86.3 2.5. (54) 
or highe 
* No significant difference can be found in each pair of results (by t test). 
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— c y c o _ l o f - c o l l e c : and appro- 二 二 二 二 二 二 丫 ： ^ ； _ 
priace starisrical analysis, as in this study, i he 比如江 1987； 4:43-51 • 
standards, we believe, is not only of value 3 LingJYK, King NM. Secular trends in Stamreand 
l o c ^ l s o t o o c h e 〒 则 爪 H o n : 
Al though tke distance curves wil l be most ‘ family Health Semce .nd Starisrical Unit, Medical widely used in day to day practice, the velo- and Health Departmenc. Survey on weight height citv curves w h i c h incidental ly are the first and head circumference of pre-school children m 
C i t y c u r v c b w i u u x i 】 . . , 9 7 3 Society o f C o m m u n i t y Med i c i ne ot 
comple te see to appear m the w o r l d h te ra- ^丨 '^。？卩㊀^。。；；^ 1980; 45-52. • 」 ture，will be of par t icular value whenever . j^nnerJM, Whitehouse RH, Takaishi M. Standards abnormal erowth is suspected. from birth to maruriry for height, ^eight, height abnormal growm F velodcy and weigh: velocicy: Bnnsh Children, 196) 
Part I. Arch Dis Child 1966； 41:454-635. 
A c k n o w l e d g e m e n t . ^ Cameron N. The methods of auxological anchro-
pometry. In: Falkner F, Tanner JM (eds.). Human Wichouc Che consoennousness and sincere co- Grow.h, 2nd ed^ non Vol. 3, Plenum Press 1986; 
operat ion o f the p a r e n c s i c h i ^ s m d y wc^ulg not haj^e studies. In： 
bLn possible. We would also like co chank che Crouch- 7. Goldscem S二么nf ; � 二 n^d er Foundanon for financing the project; the Fanuly and ^ ^ ^ ^ ^ 1986?60. Health Service for allowing us co recruit babies f rom ediuon Vol. 3’ Plenum Fress 
M C H ; Prof. M A . Preece. Depar rmenc o f G r o w t h and . , . ,goo Devel^pmenc, Insricute of Child Health, Umvers.ry of Received February 2，1988 
London for the expert scausncal adv.se. Correspondence to: . Dr. S.S.F. L E U N G R e f e r e n c e s Department of Paediatrics Prince of Wales Hospital 
, 1 广 1 . u^r^rr The Chinese Universiuy of Hong Kong 
1. Lau SP, Fung KP. Secular trend of growth m Hong 
Kong Children. H K J Paediacr 1987; 4:33-42. HoTk I . 9 Leung SSF, Lam YM, Lui S，et al. Height, weight and Hong Kong 
APPENDIX V Recording forms used in the study 
CUHK PAED. • 
Study on Growth of babies in Shatin 
Name (Chinese): (English) ： Sex： 
Mother's 工.D. No.： 
* Our Reference No.： 
Child Health Ref. No.: 
Address： Tel No. ： 
* Code of area of accommodation: 
Area for family： 
Household income： 
Father Name： Age： Race： Education： 
Height; Weight: Health： 
Occupation & duties： 
Mother Name: Age： Race： Education： 
Height： Weight： Health： 
Occupation： past -
near future -
Health during pregnancy： Special diet： 
Health after delivery： 
Other family members 
” o , ,, , School/ 
Name. Sex. Age Health Occupation • 
1 year 
* D.O.B. ： in Decimal year 
Gestation： * Birth weight ： 
Place of delivery： Method of delivery： 
Home visit 
Date： Age： 
General comment: (a) orderly disorderly 
(b) person has/has no general knowledge of taking care 
of her baby. 
Accuracy in the 2A-hr recall method. 
Developmental assessment at  Result 1 . average/below average. 2. 
Comment at each visit, including hours of sleep, illness, daily & weekly 
special activity, change of baby sitter & 
problems raised. 
Date 
R e c o r d
 o f
 g r o w 广 h
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 s c b s c a l D u l a r 
Dietary History 
Date: 
1. Is the baby breastfed? 
- 1 -
If yes, does he/she also receive milk or formula? 
If yes, what kind? 
how much? 
how often? 
2. Does the baby receive formula? 
If yes, what kind? 
how much? 
how often? 
3. How is formula prepared (especially dilution)? 
4. Does the baby drink milk? 
If yes, what kind? 
how much? 
how often? 
5. Does the baby usually take a bottle to bed? 
If yes, what is usually in the bottle? 
6. Does the baby take vitamin &/or mineral drops? 















7. Is the baby on a special diet? Yes No 
If yes, what kind? 
what is the reason? 
who recommended the diet? 
8. What type of food does the family eat most of the time? 
- 3 -




Meal 1 Time Place 
----------------------- ------------------
Meal 2 Time Place 
----------------------- ------------------
Meal 3 Time Place 
------------------
Meal 4 Time Place 
Meal 5 Time Place 
-------------------
Meal 6 Time Place 
Meal 7 Time Place 
------------------
Meal 8 Time Place 
------------------
For baby over I yr old, a 48-hr recall including a Sunday eating pattern 
maybe helpful. 
- 4 -
10. Please indicate which , if a ny , of these f oods the baby eats & ho\~ often. 
Food Group Food ftem I amt eats/wk 
Milk 















11. \.fuy was baby's food changed (including weaning)? 
12. Do you think the baby has a feeding problem? Yes No 
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